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WORK PLAN FOR HYDROGEOLOGIC STUDY AND REPORT
CONSENT ORDER #No. 31-07-02  SECTION IV(C.)(1.)
Williamsburg Receiving and Storage, L.L.C.

10190 Munre Road
Whitewater Township, Michigan

INTRODUCTION

On August 16, 2002 Consent Order No. 31-07-02 (Order) became effective. This agreement
between MDEQ and Williamsburg Receiving and Storage, L.L.C. (WRS) included several
actions incumbent upon WRS enumerated within the Order’s Compliance Program, Section IV.
Section IV(c.)(1.) requires submittal of a Work Plan for a Hydrogeological Study (HS) and
preparation of a HS Report (Report). The Work Plan must include a schedule for completion
of the HS and submittal of the Report within 180 days following MDEQ’s approval of the HS
Work Plan.

The Order indicates that the HS is intended to, “determine the impact of brine pits and
wastewater. discharges on groundwater...”.  The Order requires the following be
addressed by the HS: :

1) Determine the nature and extent of contamination, if present, in the groundwater caused by the
Facility’s discharge and storage practices.

2) Describe the regional hydrogeologic conditions, including regional and local geology and surface
and groundwater conditions, over an area sufficient to allow the department to determine the
acceptability of discharging at the site under Part 31 of NREPA.

3) Define the areal and vertical extent and physical properties of the site earth materials that
assimilate and transmit the discharge.

4) Determine whether the discharge is to a usable aquifer, an unusable aqu1fer or groundwater not in
an aquifer.

5) For an aquifer, determine the groundwater flow direction, groundwater velocity, 3-dimensional
flow path of the discharge within the aquifer, interconnection between aquifers, and background
and existing groundwater quality.  For groundwater not in an aquifer, determine that the
hydraulic or other physical properties, or both, are such that the formation would not be
considered an aquifer.

6) Identify whether the discharge will occur within an established designated wellhead protection
area or may occur within a proposed wellhead protection area.

7) Include a proposed groundwater monitoring plan meeting the requirements of R 23.2223(2) with
sufficient information for the department to determine the acceptability of a proposed monitoring
program.

8) Include a plan for charactenzatlon of water dlscharged to the collection basin east of the brine
pits, and

9) Include a schedule of implementation.

Pursuant to Part 22 Rule 323.2221, the HS Report must contain the following information:

a) Information describing all pertinent current and historical land use practices at the site of
discharge and at properties adjacent to the site of discharge.

b) A general description of the geology of the surrounding area and how it relates to the geology
and hydrogeology of the discharge location, including formations used as water supplies in the
area.
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¢) An area map that shows the direction of surface drainage, water supply wells, lakes, ponds,
springs and wetlands.
d) A narrative description of the hydrogeologlc data collected and interpretation of the data as it
relates to satisfying the requirements of this rule.
e) Soil borings or other test methods to determine the comiposition of subsurface materials, locate
usable aquifers, and determine the thickness of the usable aquifer.
f)  Soil boring logs containing specified requisite information.
g) A scaled map of the site depicting soil borings, observation wells, test pits and other testing
areas.
h) Cross-sections showing a 2-dimensional representation of the geology of the site sufficient to
reflect the site geology and hydrogeology.
i) Testing of the unsaturated zone sufficient to determme the ability of site earth materials to
transmit the discharge
j)  Evaluation of vertical and horizontal extent of mounding resulting from the discharge.
k) Depth to groundwater and aquifer thickness of the usable aquifer receiving the discharge.
1) Interconnections between the aquifers receiving the discharge and other aquifers in the vicinity
of the discharge location.
m) The horizontal and vertical gradients within the aquifer receiving the discharge.
n) Horizontal hydraulic conductivity, groundwater flow direction and calculated groundwater flow

o)

velocity.
Existing groundwater quality of the aquifer receiving the discharge.

This document is intended to satisfy Section IV(c.)(1.) of the Order and provide a Work Plan

for th

e HS agreed to by the parties to the agreement.

WORK PLAN- GENERAL

Work Plan Requirements
Rule 2221(3)(b) provides the required elements to be included in a HS Work Plan. These are:

#1
#2
#3

#4
#5

#6

#7

#8

#9

A map indicating the topography of the area with the discharge location identified.

A map indicating the surface geology of the area with the discharge location identified.

Logs of domestic wells adequate to characterize each water supply formation within % mile in all
directions from the discharge.

A map shall be provided that correlates each well log to a specific map location.

A map delineating an established or proposed designated wellhead protection area that may be
affected by the discharge.

The number, location, depth, drilling and development methods and well construction for all
proposed observation wells to be drilled on-site

The number, location, depth, drilling and plugging methods for all proposed soil borings on-site,
all of the following information:

A description of all physical testing to be done to 1dent1fy soil properties and aquifer
characteristics and locations where testing is to occur.

A groundwater sampling and analysis plan meeting the requirements of R 323.2223(2)(a).

INLAND SEAS ENGINEERING, INC.
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Appendix A of this Work Plan (Plan) contains several figures that support the Plan and satisfy some of
the submittal requirements stipulated in Rule 2221(3)(b). Figure 1 is a Site Location Map which
depicts the WRS plant site location relative to physical and cultural features of the area. The figure is
adapted from a United States Geological Survey (USGS) Quadrangle Map, thus topographic contours
are included, satisfying requirement # 1. Requirement #2 is satisfied by provision of Figure 2A and
2B. These figures depict the site in the setting of the regional Quaternary Geology, and Soils Map of
soil series developed in the region, respectively. Also in Appendix A is Figure 3, which depicts the -
location of area Water Well Records obtained from the Grand Traverse County Department of
Environmental Health.

Appendix B contains the water well records plotted on Figure 3, with numeric codes printed in the
upper right-hand comner. . These numeric codes associate mapped locations with each record. While
not a required Plan element, Figure 4 is a land use and watershed map that supports the Plan and will
© serve to satisfy a portion of the HS Report requirements. There is no map included with this Work
Plan that depicts the extent of a Wellhead Protection Area, existing or proposed. There are no Type II
or Type I water supply wells located anywhere in the vicinity of the WRS plant.

Hydrogeologic and Hydrologic Bases for Work Plan
Two (2) prior studies serve as technical bases for development of this Plan. These include:

e Water Resources Investigation Report 90-4122 by USGS, dated 1990
e Hydrogeologic Study of the Site (with Supplement) by Gray and Company, dated 1988

- Summary of USGS Report Excerpts

Excerpts of the 1990 USGS Report and a copy of the 1988 HS Report are included in Appendix C and
Appendix D, respectivély. The first reference is entitled, “Hydrology and Land Use in Grand Traverse
County, Michigan”. The excerpted portions provide regional information compiled by USGS related
to: '

e Bedrock and Glacial Geology
e Surface and Groundwater Hydrology
e Land Use

The USGS Report documents the glacial geological domain in the vicinity of the WRS plant to be
composed of till plains and end moraine deposits. The till plain in this area is recognized by the
presence of drumlin landforms, one of which may be observed on Figure 1 just northeast of the WRS
plant. The landforms are also shown on Figure 2A. Page 10 of the excerpted material in Appendix C
depicts the relationships of these glacial depositional environments relative to one another in the
vicinity of the WRS plant. Both till plains and end moraine complexes are relatively heterogeneous in
nature due to their deposition being influenced both by moving glacial ice and by its melt water.

The USGS Report indicates that the depth to groundwater varies throughout the year and is influenced
by seasonal variation in precipitation and evapotranspiration. This study affirms the annual average
precipitation to be approximately 31 inches per year, with 16 inches lost to evapotranspiration and
about four (4) inches of run off. This results in a net annual infiltration of 11 inches.

INLEND SEQS ENGINEERING, INC.
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Summary of 1988 Hydrogeologic Study and 1989 Supplement

The 1988 HS Study Report was prepared for Gray and Company’s proposed use of the WRS site as a
brine cherry finishing wastewater discharge location. The HS Report was reviewed by MDNR in
support of the wastewater discharge permit (M086) which was granted for the proposed use of the site.
The report documents the installation of five (5) observation wells (MW-A through MW-E) and one
(1) 4-inch, production well (4” well) at the site. The borings used to advance these wells provided
some soil textural information throughout the northern portion of the WRS site. In addition, the HS
Study included an aquifer pumping test, yielding a aquifer hydraulic characteristics and allowmg fora
calculation of mound development beneath the proposed discharge area.

The following hydrogeologic information is summarized from this report:

Transmissivity: 13,780 gpd/ft (1840 ft*/day)

Storage Coefficient: 0.014

Depth to groundwater: - 10 to 30 feet (northem portion of site, depends upon topography)
Hydraulic Gradient: North (northern portion of site)

Soil Textures: Intercalated fine sands and silts with clay and gravel strata
Proposed Application Rate: 0.23 gpd/fi?

Proposed Application Volume: 44,444 gallons/day

The 1989 Supplement to the HS Report describes the installation of additional observation wells,
designated MW-F through MW-H and a soil boring, designated SB-3. These were installed in the
southern and eastern portions of the site. All boring and well locations reported in the prior HS are
shown on Figure 5 of Appendix A. This figure illustrates these locations relative to the existing site
plan. The principal findings from this supplemental work were the discovery of an apparent
groundwater divide. This is evident on Figure 5 as the diverging hydraulic gradients depicted present
over the northeastern and southeastern bringing pit areas. Groundwater elevations are generally
equivalent with the gradients observed over multiple measurement events as both north and south.

* The supplemental work confirmed the heterogeneity of the subsurface observed initially and also

detected confining conditions in lower groundwater units giving rise to artesian head conditions. The

presence of clay strata was observed in many borings. Boring SB-3, penetrated over 40 feet of moist
e ettt e . . . . . . . .

clay before terminating without detection of a groundwater unit. This boring location is situated near

INLAND SEAS ENGINEERING, INC.
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the apparent groundwater divide. The apparent hydraulic gradient to the north was reported to be
approximately 1%, while the southern hydraulic gradient was presented at approximately 0.5 %.

Summary of Relevant Findings from Prior Studies
The USGS Report is general or regional in nature. Hydrogeologic data collected in the vicinity of the

- WRS plant is modest and situated several miles remote from the site. Character of the glacial deposits
reported in the vicinity of the plant has been determined through the use of water well records and
topographic maps.

Site-specific investigation of hydrogeologic conditions as documented in the 1988-1989 HS support
the general findings from the USGS Report in terms of the complex glacial geology of this area. The
presence of dense, clay till deposits of varying thickness and elevation and their presence above and
below coarse, granular soils (both saturated and unsaturated) typify the glacial geologic setting
depicted on Figure 2A. 1t is probable that multiple groundwater units exist beneath the site and that
these are separated both vertically and horizontally by clay aquitards. Depth to the upper-most
groundwater unit varies across the site and this variability is generally due to topographic relief. The
presence of impervious clay till deposits also greatly affects the depth to the first water bearing unit.
These clay strata are also likely to cause confining or partially confining conditions for lower
groundwater units.

The lateral extent of any groundwater unit is also likely to be quite variable and affected by the
presence or absence of clay deposits. This is evident from the somewhat spurious aquifer pumping test
data and from the general absence of granular soils at the SB-3 location. The aquifer hydraulic testing
yielded an estimate for transmissivity of the upper-most saturated zone, though this estimate must be
qualified by the fact that not all the drawdown or recovery data was utilized in its genesis. ~Similarly,
the soil textural information provided by the prior HS is limited by the paucity of discrete soil samples
or other testing that allows for discernment of discrete strata boundaries and soil textural classes.

Hydrogeologic Study Target Areas
In order to, “determine the impact of brine pits and wastewater discharges on groundwater...”,
wastewater discharge areas and brining pit areas require hydrogeologic assessment. These areas can be
categorized as follows:

e Active Brine Pit Areas (2 each)

e Former Brine Pit Areas (3 each)

e Former Spray Irrigation Area

Former Spray Irrigation Area

The former spray irrigation area is shown on the Figure 5 of Appendlx A in the eastern reaches of the
site. Figure 5 shows the presence of soil borings within each of the wastewater application areas
served by the five (5) irrigation heads. These borings were advanced in July 2002 as part of an
assessment of this area undertaken at the direction of WRS in compliance with their Permit conditions.
Appendix E contains a full report of the July 2002 Spray Irrigation Area assessment. The findings
from this assessment indicate that there has not been any impact upon groundwater resources beneath
the Spray Irrigation Area attributable to the discharge of irrigation pond water to these areas in first
quarter of 2002. No further inquiry of this area is recommended.

INLAND SEAS ENGINEERING, INC.
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Former Brining Pit Area- Northwest
The brining pits in this area were recently decommissioned to provide for a storm water retention

basin. Following removal of brining pit liners from the pits in this area, ISE was engaged to sample
soil beneath the northwest pit area. This assessment was conducted using MDNR guidance for
assessment of soil entitled, “Verification of Soil Remediation, April 1994, Revisionl”. The practices
detailed in this guidance are intended to determine if unacceptable concentrations of hazardous
substances exist in soil following in-situ remediation or removal actions. Though no removal action
was undertaken, the practice provides a statistical rationale for assessment of soil conditions.

Appendix F contains a full report of this assessment. The findings from the assessment indicate that a

facility condition does not exist in this area based upon soil sample analytical results. As this area was

previously covered by impervious surfaces (liners), leaching of soluble brine constituents was

~ precluded and soil assessment immediately following removal of liners provides a technically
justifiable means of assessing the potential for impact. No further assessment of this area is
recommended. ' : '

Former Brining Pit Area- South Central

The 1988 HS Report identifies the presence of ten (10) brine pits located immediately east of the
current maintenance building, opposite the driveway. Currently, this area is occupied by a parking lot
covered with bituminous pavement. The brine pits are shown on the HS Report Site Drainage Plan at
an approximate surface elevation of 643 feet above mean sea level. Current elevations in this area are
approximately 635 feet above mean sea level, suggesting that the site was graded following pit
removal to fill the depression remaining after pits were removed. The removal date of pits from this
area is currently unknown. ' '

Former Brining Pit Area- Southwest _
Cherry brining pits were reportedly once located between Angell Road and the plant building. It is

believed that this area contained approximately ten (10) brine pits. These were thought to have been
removed less than five (5) years ago. Currently, this area is occupied by a temporary stormwater
retention basin for the plant roof drains. A small utility building is also present in this area which
houses the pressure tanks formerly used for the plant water supply.

Active Brining Pit Areas- Northeast and Southeast

These brine pits are shown on Figure 5 of Appendix A. These total 20 pits in the northern battery and
35 pits in the southern battery. These pits are situated upon a plateau above the plant at an
approximate elevation of 655 feet above mean sea level.

INLAND SEAS ENGINEERING, INC.
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WORK PLAN- DETAILS

Potential Groundwater Impact Assessment Work Plan Details
The proposed work plan for assessment of potential impact of brine pit operation upon groundwater
will focus upon the following areas that have not yet been subject to assessment activities:

Former Brining Pit Area- South Central

Former Brining Pit Area- Southwest

Active Brining Pit Area- Northeast

Active Brining Pit Area- Southeast : N

Field Work Preparatory Activities _

Prior to mobilization for soil borings and monitoring well installations, review and evaluation of water
well records and boring data from the prior HS will be undertaken. From these data, ISE will
synthesize preliminary hydrogeologic cross-sections for the area. These will be used to refine the
current understanding of the succession of quaternary geologic units. In doing so, specific soil
sampling target depths and monitoring well screen intervals may be identified and used to refine the
plan details provided below. Groundwater quality data will also be sought from State and local
databases in an effort to establish the groundwater quality of the unit receiving the discharge and other
groundwater units that may be connected to or isolated from that unit receiving the discharge.

The data synthesized from review of the existing hydrogeologic data will be evaluated in the context of
the detailed plans proposed below. From this effort, technical specifications for drilling contractors
and analytical laboratory service providers will be prepared. The technical specifications will be used
to solicit proposals for professional service providers and trade contractors. In addition, requisite field
testing equipment will be calibrated and field data recording forms will be finalized for use.

Soil Bori{ﬁg and Monitoring Well Installation Plan
Figure # of Appendix A is a Site Plan showing the former location of the 1988 HS observation wells

and soil borings relative to current site occupations. Also depicted are the potentiometric surfaces
determined by prior assessors. This figure also shows four (4) assessment areas identified immediately
above. In these areas soil borings will be advanced and observation wells installed. The proposed
locations are shown on Figure 6 and are distinguished from one another by their area descriptor. These
are indicated as follows: ' :

Series 100 Area- South Central Former Brining Pit Area

Series 200 Area- Southwest Former Brining Pit Area

Series 300 Area- Northeast Active Brining Pit Area-

Series 400 Area- Southeast Active Brining Pit Area-

The hydrogeology of this region will likely be governed by the dominant groundwater sinks (Tobeco
Creek and Elk Lake) and sources (upland recharge) in the area. The presence and continuity of
relatively impermeable soil types will also exert great influence upon the characteristics of
. groundwater units. Based upon these governing circumstances and ground elevations within each
Series area, preliminary target soil sampling depths are shown in the table below. The Depth to

um INLAND SEMS ENGINEERING, INC.
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Tobeco” column is the estimated depth from ground surface to the elevation of Tobeco Creek. The
following table summarizes the elevations and depths of key study objectives:

Series Ground Depth to Depth to Depth to
Area Elevation Water Aquitard Tobeco
100 635 100 - 20°7 30’

200 630 5 ? 25
300 655 30’ ? 50’
400 6565 30’ ? 50’

Figure 6 of Appendix A shows the proposed locations of these borings. Based upon the relevant
findings from prior studies, the proposed locations will provide essential hydrogeologic information in
the area of interest. Borings locations are proposed in a manner that allows evaluation of the up-
gradient and down-gradient reaches of each area’s upper-most saturated zone. The measurement and
evaluation of potentiometric levels at all locations should provide adequate information to ascertain
groundwater flow direction. This information will be used in an evaluation of monitoring well
locations to insure that proposed monitoring wells are capable of assessing the potential impact of
brining pits on groundwater quality. Contingent monitoring well locations may be identified from this
evaluation.

- Stratigraphic Test Borings

Within each assessment area, borings will be advanced for the purpose of observing and evaluating the
textural character and thickness of soil units from the surface to the base of the upper-most
groundwater unit. These stratigraphic test borings are necessary to provide the information required by
Rule R 323.2221. Test borings will be advanced in each of the four (4) areas to a maximum bottom
elevation of approximately 580 feet mean sea level (MSL).

At each boring location, soil sampling will be conducted continuously from ground surface to a depth
of 20 feet or upon encountering the saturated zone, whichever is attained first. Below this depth, soil
samples will be acquired at least every five (5) feet using a 18 to 24-inch barrel sampler with brass or
acetate liners. This protocol will be employed until a depth of 40 feet is reached or until the elevation
of Tobeco Creek (~ 605 MSL) is attained, whichever objective is attained earlier.

If the zone of saturation is not encountered at or before the borehole reaches and.elevation of 600 feet
MSL, the test boring advancement will continue with discrete soil samples acquired every ten (10) feet
of borehole depth until a bottom-hole elevation of 580 feet MSL is attained. If the zone of saturation is
not observed at or above this elevation (equivalent to Lake Michigan elevation) it will be concluded
that an aquifer is not present at this location and the borehole will be plugged and abandoned.

If a zone of saturation 36-inches or greater in thickness is encountered above 580 feet MSL, then the
borehole advancement will continue along with discrete soil sampling until the lower bounding soil
horizon is encountered or until the bottom hole elevation of 580 feet is achieved. Upon encountering
soil with texture supporting its presence as an aquitard or aquiclude, discrete soil sampling intervals
will shift from the prescribed frequency to continuous. Upon acquisition of two (2) consecutive

INMND SEAS ENGINEERING, INC.
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discrete soil samples demonstrating the minimum thickness of the lower bounding soil texture, the
borehole will terminate and a monitoring well will be installed.

The decision to terminate a boring, modify discrete soil sampling intervals, construct a monitoring
well, plug a borehole or seal any breaches in impermeable formations will be at the sole discretion of
ISE’s Project Geologist and the Project Manager. Decisions related to borehole advancement,
completion or abandonment will be based upon the objectives of the Hydrogeologic Study, site-
specific subsurface observations and the judgment of State-licensed professionals. If decisions by the
Project Geologist or Project Manager render the boring incomplete or otherwise adversely affect the
ability of the boring to attain the information requisite in accordance with the HS objectives, then
contingent investigative measures will be undertaken as described below.

Monitoring Well Installation Development and Completion

Monitoring wells will be installed in the upper-most saturated zone within each assessment area. The
monitoring wells are intended to provide potentiometric surface elevations and groundwater samples
representative of the water within each saturated zone. Monitoring wells will be constructed using
polyvinyl chloride (PVC) materials. The diameter of these well materials is not currently specified.
Selection of well diameter will be based upon site-specific hydrogeologic conditions, professional
judgment and economics of alternatives.

Development of monitoring wells will be undertaken prior to sampling. Methods used for
development will be based upon site-specific hydrogeologic conditions and monitoring well
construction. Development methods will conform with those identified below. Development waters
will be discharged to the ground near each well location in a manner that conforms with generic
discharge permit exemption criteria. Containerization and characterization of development waters will
not be undertaken.

Typical monitoring well construction practices are detailed in Appendix H, where a typical monitoring
well construction record is provided. In areas subject to vehicular or pedestrian traffic, well enclosures
and/or protective barriers will be used to protect public health and the integrity of the monitoring well.
When not in use, wells will be sealed with vented caps and enclosures will be secured to mitigate the
potential for vandalism or sample bias.

Acquisition of Potentiometric Surface Elevations
Following installation of monitoring wells and their development, a topographic survey will be
conducted to ascertain their “as-built” locations and elevations of the ground and top of casing.
Measurements from the top of casing to the static water levels will be acquired twice per month over
the course of several months. From these measurements and the elevations established from the
survey, the elevation of the water table within the upper-most saturated zone will be calculated. These
elevations of the potentiometric surface will be established by interpolation, where professional
judgment and site-specific hydrogeological conditions warrant. From these interpolations, elevations
of equal magnitude will be contoured. The horizontal hydraulic gradient and its direction(s) will be
estimated from these data. Contingent assessment activities if necessary, will be based in part upon
these results.

INLAND SEAS ENGINEERING, INC.
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Proposed Methods for Execution of HS Activities
Practices to be used to advance borings, sample and classify soil, construct monitoring wells, gauge

water depths, etc. will follow American Society for Testing and Materials (ASTM) Standard Practices.
The Standard Practices relevant to the HS work proposed are provided in Appendix G. This Appendix
contains a copy of the Table of Contents from an ASTM compendium of Standards related to site
characterization. The Practices relevant to the HS are indicated clearly within the Appendix.

Contingencies
If results from assessment activities indicate that the objectives of the HS cannot be met by proposed

assessment activities, or if the data reveal that proposed monitoring locations are not suited to provide
an assessment of the potential impact of brining operations upon groundwater resources, then
contingent assessment activities will be undertaken to co
Contingencies that may reasonably arise include:

No saturated zone within the target area
An aquitard is absent at a reasonable depth below the saturated
Indeterminate hydraulic gradient or multiple gradient direction
Monitoring well positioned outside the flow path of groundwat
The upper-most saturated zone or its basal aquitard is too thin to effectively monitor

The upper-most saturated zone requires wells developed at multiple levels to adequately monitor

P BN T R e

Should these contingency conditions arise, MDEQ will be notified in writing of the presence and
character of the contingency condition and ISE’s proposed response to overcome the condition
impeding the objective of the HS. Responses may reasonably include alternate drilling techniques,
addition or relocation of monitoring wells, employment of surface geophysical techniques, etc.

Groundwater Sampling and Analysis Plan

Rationale

The Order requires that a groundwater sampling and analysis plan be developed to satisfy the
objectives of the HS. Existing Permit limitations and revised discharge operating practices have the
effect of rendering future wastewater discharges from stemming and pitting operations harmless to
groundwater resources. This results from discharge limitations at or below Rule R323.2222 default
standards. Operating practices will include characterization of impounded stemming and pitting
wastewater prior to its discharge to ensure compliance with Permit Limitations. Therefore, no
monitoring program is proposed for permitted spray irrigation areas.

Of the four (4) targeted assessment areas, two (2) remain in use for processing cherries. As the
majority of these areas are covered with impervious materials, groundwater monitoring downgradient
of these areas is an appropriate mechanism for evaluating the potential impact of these operations upon
groundwater resources. The two (2) former cherry brine pit areas have not used or have been subject
to the leaching action of precipitation for some time. Therefore, no assessment of soil has been
proposed to evaluate the concentrations of brine constituents within sonl\Groundwater momtonng of
these areas is a viable and practical means to evaluate the potential impact from ope
area upon groundwater resources.

INLAND SEAS ENGINEERING, IN
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Groundwater Sampling and Analysis Plan

Groundwater sampling will be conducted from all monitoring wells shown to be positioned
downgradient from an assessment area. This evaluation will be completed following collection and
assessment of at least two (2) separate potentiometric surface measurement events. If more
measurements and evaluations are needed to confirm the horizontal hydraulic gradient, or if other
contingent measures are necessary to ensure that monitoring wells are technically capable of serving
their assessment function, then these measure will be undertaken prior to groundwater sampling.

Monitoring well sampling will be conducted in accordance with Standards included in Appendix G.
Purging water will be contained until is evident from laboratory analyses that these waters may be
discharged to the ground in accordance with generic permit discharge criteria. Samples acquired from
these wells will be analyzed in accordance with methods stipulated in Part 22 Rules for chloride ion
concentration. The use of chloride ions as an indicator is technically justified as this element is the
most prevalent constituent in cherry brine. It is further justified for use as an indicator of potential
impact since it is non-reactive and completely soluble in groundwater.

It is proposed that at least five (5) wells serve as sampling locations for the Sampling and Analysis
Plan. These include one (1) well for each assessment area and one (1) background monitoring well.
One (1) prospective location for the background monitoring well is shown on Figure 6 of Appendix A.
These wells will be sampled on two (2) separate events to serve as initial and confirmatory
measurements. Reasonable outcomes could include:

1. Both events indicate no chloride concentrations above Part 201 drinking water criteria

2. Both events indicate chloride concentrations above Part 201 drinking water criteria

3. Each event indicate differing chloride concentrations, both above and below Part 2(?\1 )grite(i'ah

In the event that outcome 1. is observed, then no further sampling is proposed. / In the event that
outcome 2. is observed, then contingent well installations will be undertaken and additional brine
constituents characterized in an effort to identify the specific source of the chloride and to delineate the
spatial extent of impact to groundwater resources resulting from WRS operations. Appropriate initial
response measures will also be undertaken, including inventory analyses, to abate the potential for a
release. If outcome 3. is experienced, then sampling and analyses will continue until either one
observation or the other is confirmed or until six (6) sampling results are available to determine the
estimated mean chloride concentration at a 95% confidence level.

Stormwater Characterization for Discharges to the Basin East of the Eastern Brine Pits

Stormwater characterization for this element of the Order will be conducted in accordance with the
exacting requirements stipulated in the order. Sampling will be undertaken with two (2) events
planned for 2002 and the remaining two (2) events will occur in 2003. Sampling locations will be at
the outfall of each pipe. These locations will be designated North Outfall-East Basin and South
Outfall-East Basin. Analyses will be conducted in accordance with the Order and methods stipulated
in Part 22 Rules.

INLAND SEAS ENGINEERING, INC.



Work Plan for Hydrogeologic Study and Report
Williamsburg Receiving and Storage, L.L.C.
October 14, 2002 :

Page 12 of 12

Hydrogeological Study Report

Following completion of all proposed activities, a HS Report will be prepared to address the expressed
intent of the Order, that is to determine the impact of brine pits and wastewater discharges upon
groundwater. The HS Report will conform with requirements provided by Rule R 323.2221.
Information from prior studies, such as Transmissivity and Mounding estimates, that serve to satisfy
- the requirements of R 323.2221 will be incorporated in the HS Report. The Report will be submitted
in accordance with the Order.and the implementation schedule discussed below.

Schedule for Hydrogeological Study and Report Preparation
Appendix I contains a Gantt Chart providing the proposed schedule of activities relative to the DEQ’s

approval of the HS Work Plan.

Prepared by:

INLAND SEAS ENGINEERING, INC.

Andrew Srﬁits, P.E.
Geclogical Engineer

INLAND SEAS ENGINEERING, INC.
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LOCAL HEALTH DEPT. COPY

il A,

AUTHORIZED REPRESENTATIVE

'EQP 2017 (12/96)

N DRINKING WATER & RADIOLOGICAL PROTECTION DIVISION N
WATER WELL AND PUMP RECORD - PERMIT NO:
< Completion is required under authority of Part 127 Act 368 PA 1978 . ' :fé
1. LOCATION OF WELL Failure to comply is a misdemeanor i 4 7 U)E"
County - ) -'rrownship Name_ ] 1 Fraction - Secti lo. “Town No. Range No. .
CRAND TRAVERSE | WHITEWATER. WM, | G 2u_ | gu |@
Distance and Direction from Road Intersection — ) 3. OWNEROF WELL . s Lo AN
~—2c Neztd €8 ANCELL REA)D Address &Vltlg) ﬁfnf;’:ic[__ L%;IV T
. - ’ - 4 - b Iy
el BEAST ¢F MUNVRC KAD 16/ G0 Acpgis, 0.
_ PLANT Wwell- 1&94//9)/v Cviie KAer
Street Address & City of Well Location _ /&sz' ALULNAKLD LD Address Same as Well Location Yes D No
Locate with '’ ini Section Below 3 ‘ Sketch Map 4. WEL E? Date Completed %’NW Well
[ | | P\ 1 ‘ ft. 11 Replacement Well "
4= S ——— - ! s. [ cable Too! mmy ‘Oodven  Oloug '
5 I . 3 A /s 'l Q«Tﬁ 3 Hollow Rod [J AugerBored [ Setted
T O . 6. UsE: (JHousenold (] Type 1 Public  PAType I Public
N O N It L NS Oinigaton  [J Type Ha Publi Heat Pump
roro | _]I_ : ; — [ Test welt [ Type Iib. Public
= R | _ ANCELL Ten . 7. casiNG: [Isweet [JThreaded Height: Abqvo/Belew
- — BdPiastic [Jwelded Suface:_ |
2. FORMATION DESCRIPTION THICKNESS | DEPTHTO. Clother__
: STRATUM | sTRATUM Diameter: in. 1o . depth | Weight: SO Z-\ 1bs e
' — —_—
. . ) in. o ft. depth
sand_ streaks of Gravel Mo AG | poreoe Dlovive Shoe
Sand, ¢ ‘CL\ ) q £s Diameter: in. to ., _ft. depth O shate Packer
1 1 * in. 043 t. depth
- )
L“‘ LLA/ Zz g 3 8. SCREEN: D Not Instalkég DGravel-Packed
Sand 3 70 | meStainkss el pamewr_4
SlovGarze_ll £ Length: .27 7
¢lay L] 12 | setBewesn = -|2.5’Dn.am 14y L
! : FITTINGS: -Packer Bremer Check
. 'SC“hd : 5(@ \ 48 E3siank Above Screen__ 3 ft. Other, :
: ' : 9. STATIC WATER LEVEL: .
l 5 k. Below Land Surface D Flowing
10. PUMPING LEVEL: Below Land Surface ) .
f. After hrs. Pumping at_- Z (24"’ GPM.
D Plunger E] Bailer ir D Test Pump ’
11. WELL HEAD COMPLETION: o
E-Pidess Adapter @12" Above Grade
[ Basement Oftset {3 well House
12.[%ELL'GROUTED? BNO Hves _:Erom S _wll¥ ¢
Neat Cement Bentonite Other VO kA \-’
No.ofBags__D Additives
13. NEAREST SOURCE OF POSSIBLEC AMINATION:
_ Type. D>t e Disance ) . Direction
' Type Distance ft. Direction
USE A 2ND SHEET IF NEEDED : . O 5
. 14. PUMP: Not In talled___ Pump Installation Only
15, ABANDONED WELL PLUGGED? £ Yes J):l No rors el TocEet |
Casing Diameter 27 __n. g’“-—,——"' O sentot Model NumbeBOOFBCNSIOEC, e 5 vorAbe[3%b
PLUGGING MATERIAL: Neat Cement Bentonite Slurry Length of Drop Pipe & . Capaciy SO GP.M
O cemenvBentonite Shurry (O concrete Grout £ Bentonite Chips .~ Tvre: B3 submers Jot [Joter
No.of Bags (a Casing Removed? O ves B o PRESSURE TANK: C;;”CT'CI W, D rcﬁ ’ '
16. - REMARKS: (Elevation, Source of Data, e1c.\)f s 1?11 / ,77. Manutactrers Name__te=amee. T2 -Well Exdvels
. 7 = N
dornpleled. L) cement by _ Model Numbe/X S50 Capacity 14 ors.___ |
Elmers. . 18. WATER WELL CONTRACTOR'S CERTIFICATION:
. '(> LAM [ U)G ( ( This well was drilled under my jurisdiction and this report is true to the best of my, . .
17.  DRILLING MACHINE OPERATOR: A bzl?'/ b AL 5// o
' ; s Uk L) e 7 /K
;&mpby D Su f“!a_c*om / - mmze{:%wn)ess mrt 7 L(- L IA""}-/;',,/.—A)(" REGISTRATION NO.
_Name Tiies UL Ln€ Address / /J/ 174 ‘ //7/



e O WVIGTHATAIY Wl MU I I Y W i v e s

DRINKING WATER & RADIOLOGICAL PROTECTION DIVISION

WATER WELL AND PUMP RECORD

Completion is required under authority of Part 127 Act 368 PA 1978
Failure to comply is a misdemeanor

TAX NO:

1. LOCATION OF WELL

Ve WAl s e

PERMIT NO: '

Address,

Name __ HERRON, RICHARD .

RECEIVED JyN

13 2008

LOCAL HEALTH DEPT. COPY

6974 HAMOXD AVEHUE, SE

AUTHORIZED Al PH.ESEN'I’A'I'IVE

County Township Name Fraction Section No. Town No. Range No.
___M_BAVERSE WHITEHATER Sira Qfvs Qs g 28 Q
Distance and Direction from Road Intersection 3. owneroFweLL Will{ansburg Recelving & Storage
NE cormer of Angel and Monrdl Road Address 10150 Monro Road
: WTHamsburg, ML 49650
Street Address & City of Well Location Address Same as Well Location [X] Yes [ o
Locate with "X’ in Section Below Sketch Map 4. WELLDEPTH: Date Completed | (X New wel
] | | 120 fll o8/ 19/ M ] Replacement wel
L —— 1~ ] 5. [Jcable Tool 0 Rotary Ooriven oy
Joror . [ Hotlow Rod O augerBored [Duoeted [0
T T T 7 6. USE: [JHousehold [JType 1 Pubtic (] Type 1 Public
IS TR Y B B O inigation [ ype tta Public [ Hear Pump
[ T B Ovestwet T ype b Public [J
PP 7. casiNG: [fswet [threaded | Height: AboverBelow
- - ' O piasic [ welded Surface:__ 2,8
2. FORMATIONDESCRIPTION THICKNESS. | DEPTHTO Dloter
STRATUM | sTRATOM Diameter: ___12 in. 1o 100 depth | Weight:_ 49,88 tbsm.
. in. to_____f.depth
Brovn medium sand with coarse gravel 3 3 BORE HOLE: [ orive Shoe
Brown sandy clay with coarse gravel 8 11 Diameter: -11‘5—:: :—124: ::::: Ll shaie Packer
Bro reditm sand 9 20| 8. scheen: DINotinsiatled (M Gravel-Packed
: . Type_ Stainless  Diameter "
fron nediun 1o coarse sand —lG—
i 4 20 SlovGawze_ .03) __ Length: 20
Broan nedium sand with fine gravel 5 29 SetBeween,__ 1000} f.and 120 .
I R FITINGS: [ IK-Packer  []Bremer Check
pron mediun sand 12 41 DBla_nkAbove Screen fi. oher_beld on
Brown mediun sand with fine gravel 51 G2 | 9 STATICWATERLEVEL:
Dark browm sam}y clay 3 95 " _14.8) f Below Land Surface [J Fiowing
10. PUMPING LEVEL: Below Land Surface
Brown medium sand 4 99 . 115  n Aner 1 hrs. Pumpingat GPM.
. . ' O Plunger D Baiter m Air Test Pump
Brovn medium sand with fine gravel 23 127
“11. WELLHEAD COMPLETION
Herd dark bron sandy clay, dry 3 130 [ pitess Adapter %12- Above Grade
. e D Basement Offset Wall House .
Brown medium sand with fine grawel — 137
12.welLGrOuTED?  [Ino DlYes . From_7_ w0 100 &
X Neat Cement D Bentonite Ooter__
No.ofBags___42_ ____ Additives
13. NEAREST SOURCE OF POSSIBLE CONTAMINATION:
Type, Sﬁ:ﬂg Distance 100 . & Direction___ M
Typefse] Storage Distance__1]2 . Direction__H
USE A 2ND SHEET (F NEEDED . yee o 0
: 14, PUMP; Not Installed Pump installation Only
?
15, ABANDONEDWELL PLUGGED? O ves O No e
Casing Dlam_eler in. [o:e]pm - f. D . Model Number HP Voits
PLUGGING MATERIAL: Neat Cement Bentonite Slurry Length of Drop Pipe __ft. Capady GP.M.
D CemenvBentonite Slurr_y D Concrete Grout D Bentonité Chips TYPE: DSmeersible D_‘Je! DOIher
No.ofBags Casing Removed? O ves [ No PRESSURE TANK:
16. REMARKS: {Elevation, Source of Data, etc.) ' Manufacturer's Name,
Total depth of test boring - 137 Model Number Capacity Gallons
18, WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true to the best of my,
knowledge and belief.
17.  DRILLING MACHINE OPERATOR: STEARNS DRILLIKG COMPAIY 411095
mEmponee [J subcontractor FIEGISTERED BUSINESS NAME REGISTRATION NO.

'EQP 2017 (12/96)




GEOLOGICAL SURVEY SAMPLE No.,

1 LOCATION OF WELL

[

ACT 294 PA 1965

Coumty Townshup
/

.

WATER WELL RECORD - MICHIGANO(’):EPARTMENT.
e : - PUBLIC HEALTH _

Fraction

W Sl hu SW 7 28 ws. Z s |

Section Number {Town Number Range Number

istgnce And birecnon frgm Roagd Inters: tlons
% ﬂ-.,U M

Street addrass & City of Well Location

2

A

?

WEROFWELL gg ’ / %

Address

,(’#
}W Wf/f(@

Locate with "'X"° in section below
N .

Sketch Map:

4 WELL DEPTH: 1ﬂ:«:.mmeuad) Date of rmletlon

/45 o« 22/ 75

sgCabl'e tool O Rota'r{ /U Driven O oug
Hollow rod 3 Jsetted (O sored’ O

6" USE: [ Jpomestic  [] Public Supply 7 industry
Dlrrigaklon D Air Conditioning ﬂ Commercial

[Qrestwen [

7 CASING: Threadeda Welded D [ Height: Abovdﬂuw

Dmrr} | Surface ZE e

2 FORMATI ON

THICKNESS | DEPTH TO
oF BOTTOM OF
STRATUM | STRATUM

—Zin. to M t. Depth lWelght __’(les./h

in. to ft. Depth | Drive Shoe? Yes ﬂNo

/ G R g«//

55 |<%

Lo 7l q»ﬁﬂ/

45 |Ao

i /%;

Yo /¥

8 SCREEN:

- —— . //
Type: M Dia.: }(/
Slot/Gauze /// Length .
Set between Z</'J ft. and _ﬂ&h.

i o Al - Sl

///z; <./

s it

9 sTATIC WATER LEVEL

ft. below land surface

10 PUMPING LEVEL below land surface

Zd - ft. after_l_hrs. pumping 2 0 g.b.m.

ft. after___hrs,pumping ___________ g.p.m.

11 WATER QUALITY in Parts Per Million:
Iron (Fe) Chlorides (CI)

Hardness Other

12 WELL HEAD COMPLETION: [ tn Approved pit
gPiﬂess Adapter E] 12°° Above Grade

13 Well Grouted? E]Yes o
D Neat Cement Bentonite E]

Depth: From ft. to

BLL Nearest Source/?ossible contaminagion
90 _teet Direction @M,
Well disinfected upon completion []v&s [[INo

15 PumP: 90: installed 2{
Manufacturer’s Name = M ‘{0'

USE A 2ND SHEET IF NEEDED

Model Number ________ __ HP 3 Volts éé
Length of Drop Pipe éfﬁ ft. capacnv_ZdG P.M,
Type: [ Submersible

0 Jer [ Reciprocating

16 Remarks, elevation, source of data, etc.

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This wgi! was drilled under my jurisdiction apd this rgport is true
to thg%st of my knowleWaf. /z s//

Signhed

D67d 100M (Rev. 12-68)

LOCAL HEALTH DEPT. COPY

“—"REGISTERED Busmsss NAME ISTRATION Lﬁ

Address / / 7 Avré\- ﬂ‘““- /1




ML AN

WATER

GEOLOGICAL SURVEY NO.

1 _LOCATION OF WELL

UCIFANTIVICING v

LI S =4 N R W N O Y

WELL AND PUMP RECORD

Ll

PERMIT NUMBE q -L,.

—— ="

County Township Name

AND “TRANERY]

WH I TEWATER _

Section Number’

v 7

Fraction
,k‘ Va

T N

ée Number

Distance And Dnrecuon From Road Intersection

L2 M\ Ao k?‘Jf":L

cio T, S o] MowR?

Street Address & City of Well Location

-

3 OWNER OF WELL:

o GO 6,9

(e pS

Well Locatlon?

R>

Address Same

fa“:if' L

Gi»vz«s Nu%

~

Locate with 'X-' in Section Below

Sketch Map:

4 WELL DEPTH; (completed)

: Date of Complonon

I o |z i e 7T
4 r- .!. —_ _:_ .__:_ g 5 D Cable tool [yﬂotary D Oriven D Dug
A 1 | D Hollow rod D Auger D Jotted D
RN Al 4“"-.’:}_‘" ":‘ -1¢ S USE:[J pomestic ] Type | Public 0 Type 1 Public
1 ] D Irrigation D Type lla Public D Heat pump

h T4 fdow 1 TCY,

1
e -
T—I—T'_—:—_- b ADG:"L-— ‘z D> 74_. DTes(Well DTypelIbPublic 7
| ; 1 _‘_ ) 7‘8{:?1!'?:(69:’ g&"' DThreaded :Helghl Above/Balomtmer—
e B e | [} Plastic '%‘N:d"d : Surface ’ f.
e THICKNESS | DEPTH TO in. to t. dept . B
2 FORMATION DESCRIPTION oF BOTTOM OF ! | Weight Vd Ibs./1t.
. : STRATUM | sTRatum St o 5 ft. dlepth : |
routs in.nto ole "‘lt.ed::)th | Drive Shoe D Yes
i in. to ~sBepth ! 8N°
: e p 8 SCREEN: D Not Installod
= A nw coas/ | (T IS SPYRGS,.. 4ot
Slotl"‘“—“ Length
C'k‘ A\ / \5 Set between zO /\—- ft. and ?—» 3 31"'

FITTINGS: S‘K-P_acker

Blank above screen ft.

, D Lead Packer D 8remer Check

Other

AT / v/ ATIC WATER LEVEL: .
/ ° ft. below land surface O Fow
10 PUMPING LEVEL: below land surface
ft. after hrs. pumping at G.P.M.
f1. after hrs. pumping at G.P.M.

11 WELL HEAD

COMPLETION: D Pitless adapter

D Basement offset

“ above grade

Wz
D pproved pit

12 WELL GROUTED?

D No g Ygs

D Neat cement

Raentonite

&Olher

to ft.

\)M-cu%

From

No. of bags of cement Additives
13 Nearest source of possible cor inati >
ind c'—b
Type Distance ft. Direction’
Well disinfected upon completion? D Yes D No

14 PUMP: Mstalled

D Pump Instaltation Only

Manufacturer's name

Model numb HP Volts
Length of Drop Pipe ft. capacity G.P.M.
TYPE: [0 submersivle O ser
PRESSURE TANK:
Manufacturer's name
USE A ZND SHEET IF NEEDED Model numb Capacity Gallon:

15. Remarks, elevation, source of data. etc.

RECEIVED NGV 15 1988
SR SR e

‘Tu,ur‘ lJc.‘Z_QmJ

to the best of my knoyledge and belief.

Address

¢"7

D67d  2/84

16. WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true

: Authority: : £78
Completion: Requlrod
Penalty: Conviction of a violatio

LOCAL HEALTH DEPT. COPY

of any provision is &
misdemeanor.



IVIHOLIHINIAMINY /L AL TIVILIN S Wl ) e
GEOLOGICAL SURVEY No. WATER WELL AND PUMP RECORD L—L‘Isgntm‘l—u’umm
T LOCATION OF WELL . Q.i—_ 2-109- \O\-90 ' q"S

County Townshlp Name Frac't-gn Sectiorf Number Town Nu per Range Numbqr mbe1”
GRMWDTRNESE] LRTEWATER  Weugiusdd (7 | TG g
Di {

- i$tance And Direction From Road Intersectlon-

o 3 'OWNER OF WELL:
2 o feie . OFF  MumRo (€5T ﬁﬁz\/‘s MS ©
1 Add {

) (y ?;\g_\:h\l(} ?bﬁl\ﬁ‘) o 2325' P RJC wlu,lMy
L. stwet Address & City of Well Location ‘ (@) \_3‘ MO ,{\Vo@% Address Same As Well Location? [ ves [ no ——
ﬂ' Locate with X" in Section Below - Sketch Map: . R 4 WELL DEPTH: (completed) | Date of Completion ] g
- T T : N ' : J -

.0 0 0 =" MVNRa | 37 . L F-26- ¥
: i '."_._{. — _:_ _:._ — ) 5 [ cable o0t [ rotary D_Driven Ooug
= | 0 I ' 1\ K 3 Hottow rod &Augor [ Jettes O
U Bl b ‘:'“":‘ - ’:' - ‘_r - 18YSE Joomestic  [J Type 1 Public [ Type 1 Public
L I | | 4t % ) A NG Clowm R D "-') : D Irrigation D Type lla Public . D Heat pump
i "':' "':—_- ) r — - DOtestwet [ Type iib Pubhc . Mo 1ok /P
R _ I J’ 1 —~ _J__ ! o : T:/‘ 7 (D:lAai!thel EQQQI D Threaded I Height: Above/Below .
. 1 MILE - - l L D Plastic D Welded | Surface ! fr.
. THICKNESS DEPTH TO in. to _ft. depth | Weight s it
2 .. FORMATION DESCRIPTION JUCN X . depth i :
- Grouted Drill Hole Diameter DOsi D
L in. to ft. depth | Drive Shoe Yes
Py Shady Coanr | (S (ST ot deptn | 0 r
AY B N
{ \ l 8 SCREEN: [:I Not installed

l; | Q Y > N of : | rel ,7 Type 57—’4 “J\iqbiame(er <} "‘.

’ oy : Stot/Geweeme £~ Lengthm
3 m.‘ MA ﬂ_’!‘ﬂ \SA Nb 4 l 3 2 s,t.be,y,enlﬁ-é:r__n andi‘i_n.

FITTINGS: D Lead Packer D Brerﬁef Check

A &lank above screen _’_ f1. Other

e 9 STATIC WATER LEVEL: o} .
QL"AJ i é M - ,g__ ft. below land surface J Fow
I v ' 10 PUMPING LEVEL: below land surface
f1. after hrs. pumping at G.P.M.
ft. after hrs. pumping at G.P.M.

Basement offset D Approved pit

/ @ 12 WELL GROUTED? 0 No [ ves From
) . "DO’A) . [ Neat cement D Bentonite D Other
/V . 2 ‘\) No. of bags of cement - Additives
/ P‘ 7 13 Nearest source of possible contamination _
. AJ.D Type Dist : ft Direél}on - -

4/' < el ' i O Yes [ne

e 7 f 11 WELL HEAD ; : -
W | . / COMPLETION: D Pitless adapter D 12 apove grade

i to ft.

,
s ~ A)D Well disinfected upon completion?
s . 14 PUMP: D Not Installed D Pump Installation Only
- Manutacturer's name l )
. '\ s Modet number __HP Volts

Lengthof Drop Pipe __________ fr.capacity ____________G.PM.
. [J submersible O e
PRESSURE TANK: ]
Manufacturer’'s name

USE A 2ND SHEET tF NEEDED Modeal number Capacifv- Gallons

15. Remarks, elevation, source of data. etc. : 16. WATER WELL CONTRACTOR'S CERTIFICATION.\

This well was drilled under my jurisdiction and this repon i’s--true

RECE’VED P to the best of my knowledge and belief. ' ,, !

DRlLLeR - ,J
&o 3 ARLS

D67d 2/84

3 Act 368 PA 1978.
Comphtlon Required
Penalty: Conviction of a viclation

. LOCAL HEALTH DEPT. COPY . ) . of any provision is 8

misdemeanor.



Iy

' Hole_;_s___"pio Drilled by: {

__ R ( .
@yne D NORTHERN COMPANY — o 4=
. B _ INCORPORATED :
: S INDIANAPOLIS MISHAWAKA LANSING - '
O TEST o PO e ( 3—,> | U@D 3
d PERMANENT . : o Job No.x
WELL LOG No._2 CITY._ Traverse City County._Grand Traverse
. Owner - Township.hﬂ:ita_ﬂa.te;r-_
Section 9
Location State_Michigan
From Land Descnphon 50" E. of SE _corner of ma{n bldg
From Street or Roa rox 300' N. of . .
o _ _ _ FROM NATURAL GROUND LEVEL
" FORMATION FOUND — DESCRIBE FULLY ' °g“..'° Doptoy | Thictasw | it
) Stratum Strotem Stratum ° Level
Med to coarse sand - brown . - : e 0 42 42
Clay Red - o : S 42 . 43 1
|Med. to coarse sand light grey = - - L 43 | 83 40 17
Clay Grey I ' ' B ' . 83 '

EEB

- ® . /
. ) . x . : . .
CableTool _______ _Rotary __________ Jetting _

ReverseCirc. ________Bucket ______  Avuger

Rbtary Hole Grouted: Neat Cement_ Drilling Mud_ ' Other
Casing 8 "OD From _12 __"above ground to 63 feet below ground. Weight _ Pounds per 1
Screen_8__"Setfrom _63 __to __83  feet Mokdohinson Type _SS Slot _12

Pumping lest __22_6___._ GPM drawdown o 48 _ feet after. 4 hours pumping

Date Completed 71/1/70 " Driller_Dick Rent - ' ‘)5 5 9




: WERL MICHIGAN DEPARTMENT OF ENVIRONMEN | AL QUALITY : =/ M-
-.\__‘_j » DRINKING WATER & RADICLOGJCAL PROTECTION DIVISION Q 7
TAXNO: ' ' WATER WELL AND PUMP RECORD - PERMIT NO:
%Be 13 -/ W -0/8 -0/ Completion is required under authority of Part 127 Act 368 PA 1978 27 2 <O
. 1. LOCATION OF WELL Failure to comply Is a misdemeanor / .
Cgun Township Name N Fracs . ’ Sectjey No. Tow Ra .
8300 Tevense | tomiEianer. | SERSW.SH, | *F U2
Distance and Direction from Road Intersection _ 3. OWNEROF WELL 2//?/3 Z/.m\/ﬂﬂé’?' FrUEIL
W off Elb Lake PA, HOUSE uUEu— address SOI9O /) UnRO RO
N. Side. of Angel A LIl 1RmSBURE /ML 4F69D
Street Address & City of Wall Location 82 55_ AA/A'L‘LL /? 0 Address Same as Well Locaion L[] Yes g—'No
Locate with x.un Section Below " Sketch Map 4. L,. E?te pleted @-N,« Well
R . -3-> ft. 1 ©OQ [ Replacament Well
| 1 ] X . 5. [Jcable Tool B rotary Oorven  Ogug
|l [ . G | Auwse 3 Hollow Rod OavgerBored [Duened 0O
TTT T 7] Ry Te V6. use: Priousenoid (I Type t Public [ Type i Public
. _L _I_ _l_ L % O Irrigation DType ta Public ] Heat Pump
xi 1] _I_ N O vest wett [ Type 1b Pubtic [
— ,::“ Y P 7. cAsING: [ sweer [JThreaded Height: Above/BaowW
- ! — T prasic [ welded Sutace:_ |
2. FORMATION DESCRIPTION ' THICKNESS | DEFTHIO. Cother L
o ) ] STRATUM | sTRATUM Diameter: _ in. to ft. depth Weighx:%DQ’L‘ Tbs /M.
i SAUD 20 420 2 in, m_____'q 7. depth
= BORE HOLE: [ orive Shoe
oDANMD - LA A Varl W Diameter: in. 1o . depth | [ Shale Packer
- - 85& in. ol —sgh. depth
Ceay B 2 58 :
_ 8. SCREEN: [JNot Installed [ ravel-Packed
DOAND . : _ 7 65 | Tye P\{% Diameter 4 ”
- SlovGanTy. Length:
CLA \I bcl ’34— Set Between . \47' ft.and | Ss L
An )55 FITINGS:  E3x-Pac [ remer Check
S OB 2" > 'EBIank_Above Screen 'ﬂ' ft. Other,

9. STATIC WATER LEVEL:
ft. Below Land Surface D Flowing

10. PUMPING LEVEL: Below 71\1 Surface ’
fi. Ater “—rs. Pumping at | g 1O rapmd
W] Plunger O Baiter B air O 1est Pump
11. WELL HEAD COMPLETION:
T2 pitess Adapter - 12" Avove Grade
D Basement Offset D Well House

12.WELLGROUTED? [ INo ElYes From & m_'=( 1
[ Neat Ceme?a [ 8entonite ‘E’_OtherU tcm‘l

No.ofBags___N~  Additives

13. NEA T SOURCE OF POSSIBLE CONTAMINATION:
Type:d E PT1C.  pistance SO Direction

AW

Type Distance ft. Direction
USE A 2ND SHEET IF NEEDED . =
15. ABANDONEDWELLPLUGGED? ([ Yes [J No 14. PUMP: vt Not "“}2"4 ?}’\"mv Installation Only
Casing Diameter in. Depth ft. Model Nu mber' -’OF3HCU58CC s | ) Voits DA
PLUGGING MATERIAL: O Neat Cement [ Bentonite Siurry Length of Drop Pipe 1425 -1t Capacuy g ar.m.
O cemenvBentonite Slurry O concrete Grow [ Bentonité Chips TYPE: “ESub leIe ?
No.of Bags CasingRemoved? [J Yes [ No PRESSURE TANK: Tf.\LV DlZZSP
16. REMARKS: (Efevation, Source of Data, etc.) mmﬂmur}p LLe ’ ViR C L~
. : IN y 2o 114 Galo
House Well Model Nurmber, Capaciy |1 ] _ Galons

18. WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true to the best of my,
knowledge and bellef

17.  DRILLING MACHINE OPERATOR: Lt o L A/—rl( NG, INC- g

@Em%u{iubconug \\C _“ & REGISTERED BUSINESS WA

Addess > 152 RBimie ij//c/,«/ Traticr (C/,/ .77 A

o O S/Wﬂw/me e

AUTHORIZED REPRESENTATIVE

SR 017 (12/96
.. LOCAL HEALTH DEPT. COPY ~ EQP2017 (12/%6)




GEOLOGICAL SURVEY SAMPLE No. |

WATER WELL RECORD

LI e
.MICHIG'ANOEEPARTMENT q—-8

e

% J374

Dostance And Duectlon from Road lntersectlo&
Al -

ACT 294 - PA 1965
1 LOCATION OF WELL | PUBLIC HEALTH
County Township Name o Fraction - Section Number [Town Number Range Number
' - . s .
wh.,//, A, -/-(- tea 7/0—- Wil uc i C;N} - /'?S/Nés. /W,

7

/4" fj"// /':’C/f

3 OWNER OF WELL:

/(n-c-FI’\ /

Address

Ad.

- ,/é;« caF el

] Fvroa Fe & - —
Street address & City of Well Location oL f oy /l ﬂ/’( ,) e . it /
Locate w'"hu’.(" in section below Sketch, @ 4 WELL DEPTH: (completed) Date of Cbmgletion
T T i
R 79 =l =2z
_— ..!. - ...:_ _:_ - 5 E Cable toot D Rotary I:] Driven D Oug
| { | ) [] Hotlow rod [ setted E Bored 1.
[3
wE- 1 ‘:‘—":"—" T 6 USE: [Joomestic [ Ppublic Supply ] industry
] ] 1 4 e et { /‘)d D Irrigation D Air Conditioning D Commercial
-= T ! i - DTest Well D
| I | I
L L 7 CASING: Threaded ] wetded[ ] | Height: Above/Below
F-]
- 1 MILE sl ) . ) lSurface / fr.’
’ . THICKNESS DEPTH TO ' .
2 FORMATION oF | BoTTOM OF |- .Lm. to ﬁﬂ. Depth | Weight _L__lbs./h.
. ) STRATUM .| STRATUM in. to ft. Depth | Drive Shoe? Yes£ INo | I
/ - 8 SCREEN:
C o in = 5!0“/’) -5 "/(/’ < -)'72 5’( Type: S 2, Dia.: __ &7 "’
. J_/ o - (/ . Slov/Gauze o €3 1 & Length __LL2 °
L1n ¢ postcr SO — (-/['7 o £ & Set between _§£ 7 _ft. and _ PP .
Fittings: '
< .
C/C(Jﬁ"‘(zu‘—/’-" e\ /) |7 &
V4 i 9 STATIC WATER LEVEL
. ,;A'//" - ¢ R o) ) / 9 C; S 2 _ ft. below land surface
R 10 PUMPING LEVEL below land surface M
ft. after ___ hrs. pumping g.p.m.
ft. after____ hrs. pumping 9-p.m.
11 WATER QUALITY in Parts Per Million:
Iron {Fe) Chlorides {C1)
—— Hardness Other
12 WELL HEAD COMPLETION: ] tn Approved pit
] pitless Adapter d] 12" Above Grade
13 weli Groutedf{ J ves [ ] No
[ neat cement ﬂ Bentonite XY/
Depth: From ft. to ft.
14 Nearest Source of possible contamination
y -,
2 Y tee Direction ___ 5~ Cps "4 < Type

USE A 2ND SHEET IF NEEDED

Well disinfected upon completion,cﬂ Yes D No
15 Pume: D Not installed

Manufacturer’s Name 'F_? LL) .
Model Number A2/ F £~ WRZ_volts & 3

Length of Drop Pipe,za_ft. capacityz 4 G.P.M.
Type: mersible

3 Jet

(3 Reciprocating

16 Remarks, elevation, source of data, etc.

D67d

100M (Rev. 12-68)

17 WATER WELL CONTRACTOR'’S CERTIFICATION:

This well was drilled under my iurisduqaon and this report is true

/y/

.my knowledge and be,lx

ol LY s frin, 2D LY

L REGISTERED BUSINESS NAME

Address

/ st|s‘rnn|ou NO.

;,,,.r.r.,- /’//C'/

S /'74" O i
24

Date q ~ 2 Z=

LOCAL HEALTH DEPT. COPY



GEOLOGICAL SURVEY SAMPLE No.

1 LOCATION OF WELL |

.

WATER WELL RECORD

PA 1965

ACT 294

L0 L]

MICHIGAN DEPARTMENT( q POy ¢

T
PUBLIC HEALTH
Range Number

County Township Name

Saany THAUERSA

WHITEWATER

Fractio

Distance And Direction from Road Intersections

1" MiLe Nok

JyA 1(
Street address & City of Well Location

(H 0 F ANEELL KD
LK RO.

7

OA/

Section Number

(.7

3 OWNER OF WELL:
LI E PARPPILS
WHLLIAMSBEURG

Town Number
Z /W
7

2K Ns.

Locate wnthu"x" in section below

Sketch Map:

4 WELL DEPTH: (completed) Date of Completion

A < ELIC LR KD sy 1 . L-77
- _-I. — -..:_ -:— — SE éable tool E Rotary 'D Driven D Dug
1 1 | D Hollow rod D Jetted D Bored D
bl i -:'";*:- - —:— - ‘—1— ) - X 6 USE: [ Joomestic [ Public Supply O industry
| _‘I_ _ { b { . Z'/‘fﬂ[ f Ireigation D Air Conditioning D Commerciat
H T | : l ANGELL KT [Qrestwenr [
| 1 1 _L R 7giA85":NG= Threaded[_] lededE T Haight: Above/Belaw
1 MiLe © . |Surtace / fr.
2 FORMATION e[ ety | into 12 & nown | Weiohy/ £ L 2 tos./.
STRATUM .1 STRATUM in. to .. ft. Depth | Drive Shoe? YesEl No D
8 SCREEN: i
(:. [/4. '/ / ) / Z Type; SIhM LES( Dia.: - j

S8 | /0

73 VY3

StovGauze _ S tength _f &4
Set between /2§ t:. and LZL_I‘:.

" Fittings: .
NEC K

IV PAKER 4

9 STATIC WATER LEVEL
J(/ 7 ft. below land surface

10 PUMPING LEVEL below land surface

ft. after hrs. pumping

ft. after____ hrs., pumping

11 WATER QUALITY in Parts Per Million:

Iron (Fe) Chlorides {C1)

Hardness Other

12 WELL HEAD COMPLETION: [ 1n Approved pit
(] pitless Adapter E] 12°° Above Grade

13 wenr Grouted? Yes D No
D Neat Cement D Bentonite D
Depth: From ft. to

fr.

14 Nearest Source of possible contamination
feet Direction Type

Well disinfected upon completion Fz] Yes D No

15 pump: E] Not installed
Manufacturer’s Namé[()/I/ 475

Mode! Number Hz.i Voits é-é g
Length of Drop Pipe}_Z()_h. capacity. /5 G.P.M.

Type: E Submersible

3 det

[0 Reciprocating

USE A 2ND SHEET, IF NEEDED

16-Remarks, elevation, source of data, etc.

[

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
to the best of my knowledge and belief.

RECISTERED BULINESS N

Address /4 € LA R s .
Signeé..%ﬁfs (Q'i n) l.'le-."':‘}"J (~ Datﬁl;&lél ) >’J"

)

REGISTRAT!

frle H

< !

v E NO.

?

Dé7d 100M (Rev. 12-68)

AUTHORIZED REPRESENTATIVE

LOCAL HEALTH DEPT. COPY



: WVHLTITHO AN I_Jl:rl-\n HIVILIY L W L vuLiy ML 6 :
GEOLOGICAL SURVEY NO l-l | l I I/J |7|é I'f- #

' WATER WELL AND PUMP.RECORD
O - X N
-0 — 2%~ 13- VY- Ol7- PERMITNOMEER (|

County Townshlp Name 3)’ _ F;actuon Section Number {Town Number Range Numbqr
Sy 2,000 AR | 07 TR Sl S T 22’@5 K
‘Distance And Direction From Road Intersection ) ) s 3 OWNER OF WELL 2 PV B w
/4/94// s / L RV o o PO AL X LA ot~ ?z /. < S T

% &Ll LA ’(’U P2V S . ) j\ddress/(,—’" JV/, Py /' /;-'-7/) ' R

Street Address & City of Well LOCNIOWE LA e I ./ Address Same As Waell Location? g Yes [ no

Tocate with *X: in Section Below ( 77'_—‘SF—FW 4 WELL DEPTH:  'Date Completed. = P} \o wen
i : H qu {62 L(a L?vl&?.D. well
|

|
o —-!' - -1 —:— -— “ 6 D Cable tool mﬂotar_v [:| Driven D Dug .
| { | . }‘.' PIVY: Sl 3 Hottow rod D Auger ] setted [N
Wh— e gt AN e N SUSE [] pomestic  [] Type 1 Publ [J Type 1 Punt
| I T T . - g omestic ype | Public ype Il Public
| _'I_ xl- ] § e Irrigetion 1 type tia Pubtic {J Heat pump
v Orestwett ] Type tib Public O

7 Sﬁ%l‘l:&r D Steel E] Threaded : Height: AbovéIBelow
Plastic [Jweided | gy - 4

THICKNESS | DEPTH TO 3 in l[Jg ft. depth : Weight

2 ... FORMATION DESCRIPTION strarum sgmmf in to ft. depth
— - * Grguted Drill Hole Diameter

- _in. t0 ft.. depth
o Y 7 ] 1:9/ T ey _ gn in. to ft. depth ! 0~

8 SCREEN: {3 Not Installed

Ibs./ft.

|
|-Drive Shoe . D Yes

o~ P .
- ra - .
AT SR @ NS 727 1o F | v Z7 viametsr_&/
Z. ' ’ Slot/Gauze . /- 2uo Length t./
H L ]
._§ :? - /7 Set between _ ft. and ft. :
FITTINGS:- \g K-Packer D Lead Packer D Bremer Check
» 4_)1 [ Biank above screen _A& ft. Other :
ot 9 STATIC WATER LEVEL: 2\6 'N\ .
") ) ft. below land surface (J Aow

10 PUMPING LEVEL: below land surface

L2es  toatier _L__ hrs. pumping 8t _“3_3" G.P.M.

ft. after hrs. pumping at G.P.M,

- 11 WELL HEAD . - ab
) COMPLETION: Pitless adapttlar [ 12" above grade
Basement offset D Approved pit

12 WELL GROUTED? O Ne 2] Yes From €2 024 _n

(] Neat cement S Bentonite [ ] Otherﬂ%__

No. of bags of cement Additives
13 Nearest source of possible contamination

Type « Distance feZ”2 ft. Direction a!
Well disinf d upon pl .’ : .% Yes . D No

Was old well plugged? Yes D No
14 PUMP: D Pump Installation Only

D Not Installed

‘Manufacturer’'s name

Mode! number$ZeS/ Y- v 5™ HP /“__ vofis T2 2/
Length of Drop Pipe #_Ll_ﬂ. capacity _ZL;.__ G.P.M.
TYPE: 5 Submersible D Jet

PRESSURE TANK: N ./:’,- - _
Manufacturer's nameZ¢ Jlé! A é.,..f :
USE A 2ND SHEET IF NEEDED - "“* Model number _1 2 2 -~ Capacity _',?\_z._.Gallons

15. Remarks, elevation, source of data, otc. 16. WATER WELL CONTRACTOR'S CERTIFICATION:

This.well was drilled under my jurlsdiction gnd-this report is true
to the best of my /wledge and belief, -

/ ’ﬂ’ "/:4'4_-.4" / - V

""»"-- S NANEZ GYST? noun{.;/
17. Rig Ope:mr's Name: _ // ' Address ( ’_ '/, Y 4 ' 4 77
e e AW
v e . Signed”_¢Z ‘P‘/ Sl Date 4___2_L&_
D67d 12/85- "\ \ AUTHOR D HEP NTATIVE -
. e e . . : ’ Authority: Act 368 PA 1878

. Completion: Required
RECEIVED AU @ 8 e R+
LOCAL"HEALTH DEPT. COPY miadsmasror.



WS%L - MICHIGAN DEFPARIMEN | UF ENVIKUNMEN | AL WUALIT Y o
DRINKING WATER & RADIOLOGICAL PROTECTION DIVISION ¢ Q'

JTANo: - WATER WELL AND PUMP RECORD - PERMIT NO:
‘% =(3 )05 -0/7-%0 Completion Is tequired under authority of Part 127 Act 368 PA 1978 27047~

1. LOCATION OF WELL : Failure to comply is a misdemeanor
Coun - “Township Name Sectign No. n No. “Range No.
" Goamo Tomzse | LiEwinX NENESY, |~ F ZIw | W
Distance and Direction from Road Intersection 3. OWNEROF WELL @ ﬂ/ 5’ 1§ TRNCE
- . Address /0327 NMXE 0
T Lo es ME STEI0
-:.'~.; Street Address & City of Wall Location / 032 m lk fD ' Address Same as Well Location &-Yes O o
" ] Locate with *x’ in Section Belo Sketch Map Na. PTH: ! [ New wel
B — W\\\““ & ‘7'7? f ?‘W 13? (L Repiacement well
A TR N B RS ,‘( ' 5. [Jcable Tool dﬂotary Oodiven Ooyg
oo : , . [ Holiow Rod OagerBored [Ouveted O T
T T 7 . - & 6. use: XHousehold [dType 1 Public T Type ti Public
L _L _l_ .I_ L M&Iééﬁl— Rp . O Irrigation DType Ita Pubtic [ Heat Pump ]
1 ] | _I_ p o ’ D Test Well DType Iib Public D o
PO o 9 ' 7. CASING: gsw ClTheeaded | Height: AbojerBelow
- - 8 Plasic [ welded Surface: f
2.  FORMATION DESCRIPTION THICKNESS |  DEPTHTO
. ' - srastou | “STAATL Diameter: 5 in. to?_zaft. depth Weighxrsp R ;ulbsm.

‘TM\A l"l‘éu\} Jﬁw l I 0 I 0 ' Y ___ll‘l to__ ft. depth .

g a/] d_! dﬂéf" /34 aq gg?nite?:LE77 gin. to IZ’,:. :ep: gg’hialels’::er
= W - 32\ 8. SC [:l Not |:|:: téer:iravel-Packed T
v 70 7” Setaezw;n ILz5 . wana 1773 n |
_tfm/&(/ (g [ DLIAT| e, | Sxeesy Do o
</)/Y\&L// d,ﬁ/&/ 3 7 31 s snal WATER LEVEL: .
Hod. (L1 CEINLG A

5 a/I\A/ 0 q /’7 2| k. Afir hrs. Pumping at GPM.

D Plunger D Bailer @ Air D Test Pump
'f 1. WELL HEAD COMPLETION:
Pidess Adapter [J 12 Above Grade
() Basement Oftset [J wel House

12. WELLGROUTED? [ INo [XYes  From arDIS?TJEL

[ Neat Comept [ Bentonite m Other,

‘No.ofBags_ "%  Additives,
13. NEAREST SOURCE OF POSSIBLE INATION:
Type 55 & Distance ‘?Z’#Mh Direction_ ™ Q
. Type Distance ft. Direction
USE A 2ND SHEET iF NEEDED ) - D -
. ; . 14. PUMP: Not Installed gljump Instaflation Only
. [ .
15 ABA.NDO.NEDWELL GGED? g_!e\s No Manulactire’s a w
: Casing Diameter in. Depth ft. x . Model Number qsq ’ 0 ? B HP .Zzg y%s; ﬁ?
PLUGGING MATERIAL: O Neat Coment Bentonite Siurry Length of Drpp Pipe__T A0 11 Capady GP.M
(O cemenvBentonij Sturry (O concrete Gouwt [ Bentonite Lhips " TYPE: ﬁSubmersble et Hoter
No.ofBags Casing Removed? D Yes No PRESSURE TANK:
16. REMARKS: (Elovation, Source of Data, etc.) ' : Manufacturer's Name
.Model Number ____Capadily Gallons,

ATER WELL CONTRACTOR'S CERTIFICATION: Ty,
is well was drilled under my jurisdiction and this reporx is trbg' v‘io the best of my,

- - knowledge and beliel. .
/17.  DRILLING MACHINE OPERATOR: Cilutf Weﬂ Drifiing Oa‘lm‘* af_ / 0'\7
Employs: (] subconractoy . v REGISTERED BUSINESS NAWE ~ % TREGISTRATION MO,

&97/ 99

EQP 2017 (12/96)

LOCAL HEALTH DEPT. COPY



MICHIGAN UEFARLIVIEN T Ur TUDLIL 1ICAL S
GEOLOGICAL SURVEY NO. wmp " . _ H YARTA @
| _ WATER WELL AND PUMP RECORD PERT WUABER (o
T TOCATIGN OF WELL : M -}
county Townuhcp Name ) Fraction . - - | Section Numb “Town Numb Range Numb?ﬂ‘
4.7 - e : <ty o St y 1 97 wal 2
Vot Titspe e |- LeBlTrrpre | SO fidlha Z A s Qs |7 epik
Distance And Direction From ﬂoad |n(ersectlon - . . 3 OWNEROF WELL: -/ r- . - s 2 S T
R AT /;_f PV A S a) 1"! S ;,' v L : ALY ’:/ AL T

P TR ST VR DN (4/,_ Z’{ P T YTV T Addwa.s //, ,-":/"f BN By

| fuk s Seme L L _ IR I ' R
" ] ‘Street Address & City of Well Location 3,7 ; 4. . 7 F, 4 L, L, Address Same AsWell Location? D Yes &No
"] i = - - a AERE - -'
B _Locate :vnh‘ )5: in Secuon Below ] Skotch Map: .~ . |4 WELLDEPTH: o(i mplets Now Well -
3 B | K i I 736 5 Replacement Well
’ r-q-.-l- - -:;- _= - . N T C ) 5 H&Me tool &toury ‘Ooriven .. Ooug - |-
S D | ! R OHottowrod . . - [Jauger - {Joettea O.- 1
v “‘.d""f "{"" T . o BRI o ﬁ‘ S USE: (A Domestic ~ [Lrweipubiic . . [ Type it Public
R PR 1 - i"" o ' N 17.,\‘5', o 1 [Jwrigation 0 Tvpe s Public [JHest pump
A ! T ) , " L [ Test wen DTypelleubHc o
1 1 1 l . a_U\‘ .. 7 ‘E.Qﬁ"':g, Osteet [ mhreaded ' Height: Above/Below
'1 MiLe .. . ) ) 1 Q’Plastnc 'IJdWe':ded | Surtace mn
r mcmsss DEPTH TO /__f__in. to. t. deptl . .
: A - Weight a1
2 - FORMATION DESCRIPTION _ CA L X o to ﬁ.ﬁ dopth | Weig < Oz |
- : rilt Hold Diafheter . ' 0O
T % f1. depth | Drive Shoe Yes
4 4/7/1’ / ﬂ T 3 fn. wjﬂn depth " 0~

| ‘ ? SCREEN: ) J Not Instane

e R Y2 -
Kock's 4645393 | (B2 gd,“,“:;“

541/(/ j ﬁa([q 4 ':’? 4 //6‘ ET';S; .Ee(:’r’:;:er Lead Packec:1 he%r Bremer Chack

_ 9 STATIC WATER LEVEL: | ) .
/]{(/ //5:— /// é m _f1. below land surface O rAow

10 PUMIPING LEVEL: below land surface

lgﬂfké 4 4//11‘ '/%7‘/} t /é77_ ——_fr. afier

4 hrs. pumping il 'G.P.M.
: ) — 1. after hrs. pumping at G.P.M.
64{/{"] : ,/ A 7-—/ 7/3 :
e _ b | 11 WELL HEAD : .
. " COMPLETION: %’:tless adapter 3 12* above grade
Basement offset D Approved pit

12 WELL GROUTED? D No Q’Ye's Fr;)m 1o ft

. : O Neat cemeny [ eentonite Other AAW
e e o .'. S :d D i 1 % . o, & q -

K i [ - 'No. of bags of cemeni Additives
o o . 13 Nearest sagurce of possible contamination

TN T ) Type . o Dlstance 1t Direction
SR e S ey e ] - . mmanw upon egmpbnon? Yes DNO
. , 1. | Was oid welt plugged? ves: (o
HEC D0 Asjag .. - e
teet . !-' - s v . v 14 PUMP: D Not Instailed . D Pump Instaftation Only

Manuf er's name
Model number

Length of Drop Pipe L ft. capacit _7@___ G.P.M.

. o o TYPE: [ZLSubmersible O Jer
jp\Ol(a PRESSURE TANK: - . — ) i
A~ dasia aaa - | . Manufacturer's neme {2
) /

Volts

USE A 2ND SHEET IF NEEDED . Model number —u—-)(-ZQ—Z- Capacity Qq___canons
15. Remarks, elevation, source of data, etc. 16. WATER WELL CONTRACTOR'S CERTIFICATION:
' . - Thismell was drilled under my junsdnctlon and this report is true
to thy esl of my knowtedge and bpligf. \ .. '
~ \ . £
" A . \ [ Y N (/7]
. | RECISTERED BUSINESS NAME ., REGISTRATIO ‘
17. R perltors Na ) . 'Addraess ’l é 2 pry Vs o // ' -
- S Jai fK L dha ’ 5
R : . Signed ___ _ L /L Dafe
‘D67d 12/8 e - K - AUTHORIZED REPRESEMPANVE . -~ E /
’ A/ Muthorlty: Act 388 PA-1978
Complstion: Required
Ponalty: Conviction of a vioiation

of any provision s 8

LOCAL HEALTH DEPT. COPY . _ misdemesnor.



MICHIGAN DEPARIMIEN T UF FUDLIL ACALI 1 : t’/
GEOLOGICAL SURVEY NO. | / /
WATER WELL AND PUMP RECORD
O%-00 : PERMIT NUMBER
1.__LOCATION loi WELL _ 7{&_;%/»& — dF-00 9- B

County Township Name ragtio _ Secno_n Number . | Town Number Range Number -
i) Tann 2R an e SN T zg®

Distance_And Direction From Road Intersection 33 _OWNER OF WELL: . .
FRCX Yy Ll fIORTH oF Aneed | Lo sz donS
Address SO Z0 0 LK d./"/')

;"?U ot Elx LK

\\

AN SE WG L
Street Address & City of Well Locagion / 0 ? éO (// l ﬂ d ﬁﬂ:ﬁ;{gﬁe As'xell Locatnon’C /m’ Yes D No
~Locate with "X~ in Section Below Welch "Map: . : | K WELL\PEPTH l Date C,ongglet.ed@ : ["'l New Well _
i ; : /é ) 149 FT. | | !4 l 90 1 QR_epIacemem Well
= _ Jl. — _: — _..:_ _— [A J k 5 D Cable tool . gﬂotaw D Driven D Dug
1 | | ) . V\ _ D Hollow rod Auger D Jetted ) D
b St ":‘ = ‘—r ‘ Astcir 8 USE: Bfl pomestic [ Type 1 Public O Tvpe m Public
_ I_ ] Lo ) -A!éé—(l—- ’ " [Oirigation ] Type tta Public ] Heat pump
B —= 1 . : ’ / D_Tes( Waell D Type lib Pubhc D
[ _L r; 7 EASING: [T steel  [[] Threaded , Height: Above/BEOR
1 MILE ‘/)’ . ? P‘i‘ i D Welded l Surface _1_- ft.
in. to

- - THICKNESS | DEPTH TO ft. depth
2 FORMATION DESCRIPTION oF | eorTom oF : | weight SDR_ 2. /r.
. : STRATUM STRATUM in. to ft. depth

Do N0y - 8

|
Grouted"[‘)n(ll Hole Dla'r:m;er . | Drive Shoe D Yes
. | 77778 o \ E§
33 33 in. to n depth N No
, : 8 SCREEN: © O nNotinstelled
m c].ay : 15 48 Type pve Diameter 3”
’ Slot/GRR 30 Length SL
ravelwsand 29 yri Setbetween __ 344 1. and _L f.
. FITTINGS: & K-Packer D Lead Packer D Bremer Check
Sand - .n 90 E Blank above screen _@___ It Other
. 9 STATIC9 V7V:TER LEVEL: \‘_\ M .
Gravel-sand 22 142 ft. below tand surface’ O pow
10 PUMPING LEVEL: below land surface :
Clwm 13 - 425 ft. after __ hrs. pumping at G.PM.
. ) ft. after hrs. pumping at G.P.M.
Sand | 24 249 |
: " ‘(?’()Eb%?FEE‘I’AIgN ) E Pitless adapter D 127 above grade
Sand on the botton > Basement ofiset  [_] Approved pit

i O ne Yes From __Q_tw©0_30
O Neat cement O Bentonite [ O(her._m-m_

No. of bags of cement Additives
13 Neorest source of possible contamination

Type m__ Distance __70% ' pirection __nOrEN

Well disinfected upon compietion? Kl Yes L] No

Was old well plugged? . g Yes D No
14 PUMP: D Not Installed gPump Instatlation Only
Manufacturer’s naﬁ m ) . . 330
Model HP Volts
Length of Drop Pipe 326 . ft. capacity _ﬁ___ G.P.M. .
TYPE: Bd submersible O ser

PRESSURE TANK:
Manufacturer's name

USE A 2ND SHEET IF NEEDED . Model numb i Capacity ____________Gallons]
15. Remarks. elevation, source of data, etc. /o 16. WATER WELL CONTRACTOR'S CERTIFICATION:
- Thi hi
X eny Jo e Y T a Ll e m o v i g s v
N TRTES Fop gz 70 (ol 770 Kropp Well Drilling, Inc. 0795
REGISTERED BUSINESS NAME REGISTRATION NO.
17. Rig Operator's Name: _ Address 6010 Hest M.72 Traverse City, MI 4958
Bale Km . Signed __._ 3 . . ¢t {3 N } ‘1/« .4 Date w
AUTHORIZED REPRESENTATIVE
pezd 2789 . : Q) Authority: Act 368 PA 1978
Completion: Required
Penalty: Conviction of a violation

of any provision Is a

LOCAL HEALTH DEPT. COPX ’ ) misdemeanor.



-t

 MICHIGAN DEPARTMENT OF ENVI_RCNMENTAL QUALITY [oermmror A
. RD
2Ll WATER WELL AND PUMP RECORD 67 264575

County Township Name . - Fraction Section No. Town No. . Ranoo No.

g:: [ Z'C,l ALfSE k fﬁ'éﬁllﬁ'ff’:é - &“41/452ﬁl4<l:l4 61 ' 2?& (4 I,
stance and Direction from Road Intersection 3. OWNEROFWELL

(4 ! Address .{hwr,f{ &/A’f‘
WL £IK Lak "\&."("2”1’(7)’4’ s Moot 76’7 3 Coirv vk,

Sl G20 b igg s
{\( U hﬁf JC#A m( ‘Zi"y . Address Same as‘\hl&oé\lwé’ ﬁi{:l é Lb{

Street Address & City of Well Location
Locate with 'x;in Section Below \_/Sketch Map ' 4. WEU.DEPTH: Date Completed % New Well
1 1 K. S // 1,671 7 21 Repiacement e
L | —-|-— 4— - ‘/f 34 ’Z'J 5. DCableTool Qnotary O oriven D_Dug
Jd oo . uLAE -y ' OHoow Rod (D AugerBored  [Juoted O
T T— 7] T > :" 2 6. USE: %ﬂousehold DTypelPubhc DType Wl Public
_._L _l_ .l_ e i lrrigation DType ita Public []Heat Pump
[ l ‘Orest wett I Type b pubiic [
P T "j" H KRS 7. éasING:. [Jsweal [JThreaded | Height: AboverBelow
e - ; - &Plasuc O weided Surface: ft
"2.  FORMATION DESCRIPTION : THIGKNESS | TN TS
] STRATUM ™| STRATUM Dlameler R 5 In. to{ ¥‘ Jt. depth | Weight: Ibs/tL
—7 4 ' : kY7 _+ inw_" fdepm
/7 C‘/_/;";/; @fﬂi/fl RO (0] BORE HOLE: O orive Shoe
'Z 5/ v{_ A l{,/ '07 4_6 ' IR '/‘ U é- L 2 J g- o) -Diameter: g :: xo#%:::: DShale Packer
é:/ ,/.I E L LG 1423 s screen: (I Not instalied Ddoravel-Packed

[ GPEY clplp GRaLE & | ut| TErAsets e
20 \S:/]A/ﬂ . 26 /<L 64| SetBaween - ft. and i

FITTINGS: ﬁQK Packef, _ .DBmmer._Chgdi :
[(Jsiank Above Screen 1.( t' fiOher_ -

9. STATIC WATER LEVEL: ) 7
- fr. Below Land Surface O Flowing

10. PUMPING LEVEL: Below er Surface

ft. Alter 2. s Pumping at GPM,
Opunger [ Baiter [ Fair Test Pump
11. WELL HEAD COMPLETION: ’
) iless Adapter - [0 12~ Above Grade
Basement Offset O wel House '
7 . 12. WEWLGROUTED? - [lNo D\es From_O 1 / iaﬂ.

D Neat Cement R Q Bentonite D Oher_ .

- No.of Bags 2 Addmves £ Z é{ga

13. NEAREST SOURCE OF POSSIBLE CONT, AMINATION: !

_f_e__tL;L;_mmce 2 & Divecion__&

fi. Direction
i USE A 2ND SHEET IF NEEDED D D
’ 14, PUMP:’ Not Installed Pump Instatlation Only
15. A A P Y N g
BANDONED WELL LUGGED? Oves [Ino cureraName iy .
Casing Diameter : in. Depth R ; " Model Number HP Voits
PLUGGING MATERIAL: 0 Neat Coment L] Bentonite Sturry Length of Orop Pipe N Capa_g“—uw G ~
[0 cemenvBentonite Slurry [ concrete Grout  [J Bentonite Chips TYPE: ubmersible L] Jet
No.of Bags Casing Removed? [ J Yes [ No PRESSURE TANK:
16. REMARKS: (Elevation, Source of Data, etc) o Marufacturer's Name, - ~
T e D Mode! Number g Capacity Gallons

"t LT ., S RN WATER WELLCONTRACTORSCERTIF!CAT ION
o ' e T T This well was drilied under my ,unsdncuon and this teport is true to the best of my
‘ know!edge anbbeller )

|17, DRILIING MAGHINE OPERATOR:
D}Employee D Subcontractor AEGIS:

M%Mc_ﬂdéﬁéam socess_K £ (4 AD/A/

GWazz v ' Signed ’._* ,A.'{czf &(‘W,\. Date {! {Q Z
. . lumomzso nEPaEsENTA'nVE

2 g Authocty: Act 368 PA|97G
RECEIVED DEC 29 1997 | o

OCAL HEALTH DEPT COPY . Penatiy: Convt iclston of sny prov




"
'

. o MbHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY [Te—rmes
P /{ 2 ,-,y.é"/u’ - WATER

‘11.  LOCATION OF WELL

WELL AND PUMP RECORD aT-2Y 5% @

County .- . Townshleam Fraction Section No. " Town No. RanaoNo
G b lviiwsi™! kT ke f /V ”Wué‘-‘f/asé 3/‘ 25 o

Distance and Direction from Road Intersection

160 16 LI/« buke f§ (K ndf)’)ﬂ
Suir G2S bier [ ef Mg X1l 3 bt 17 Tl Reydy pil UFLLG
sv“: Address & of Well Locatio lO"]Q / Address Same;s Well l.ocag:r:“. /Yes %

& hﬁb“‘%("‘j > :dv;?ei’:o':wsu}‘nwrﬂ( i/“f'zurw. (3.0d]
7520 Coar Heo

Locate with 'x’ in Section Below ’-—/ Sketch Map 4. WE : ) eted - wNew Well
ETCCEC NG 17 | B TP,
L —— . «’ﬁl: z 1 5. [Jcable Tool nBotary [ oriven DDug
I N T “ g ~N 6o [ Holiow Rod O augerBored  [dened [
— T 1 T 7] T ’ & * A L d . ls. USE:%Household DTypo I Pubtic DTypo Hit Public
AN TR Y SO . - ot | -:rw'.”ﬁ,t.,'_-';&- imigation ] Type lla Pubtic (] Heat Pump
! I i {r O vest wett 3 1ype ity Pubiic O

———— i

7. casING: (Jsweet [JThreaded Height: Above/Balow

2. FORMATION DESCRIPTION

'ﬂmasuc O welded Surface; R
THICKNESS DEPTHTO .

JOF ‘BOTTOM OF
STRATUM STRATUM

nmubb.

- Diameter: depth Welght: bs /ft.
25 i - deph
. BORE HOLE: [ orive Shoe .

19 5
52 _ . 3 s Diamele& depth | (] Shale Packer
oo ' m—‘l% in. depth
a8 93\ & C?/?Ql“l - ',7“ v 3 8. SCREEN: [T Not instaied “Walcravel-Packed , , ¢ ¢
rol_¢ | Y14 | Lo Rin QY S e
2sf [ BN B F i T
OJBlank AvoveSciee :

5. Terteve:  J/ 7/)1
ﬂ_m Below Land Surface (3 Fiowing

10. PUMPING LEVEL: Below Land Surface

fi. After hrs, Pumpingat =S | Jo GPM.
O Plunger O sailer Air D Test Pump
%

11. WELL HEAD COMPLETION: - .
Pidess Adapter D 12° Above Grade

asement Offset

12. WELLGROUTED? [ INo
[ Neat Cement D Bentoni

No.ofBags, ’ Additives,

e L USE A 2ND SHEET IF NEEDED

’ ¥ T,
13. NEAREST SQURCE OF POSSIBL AMINATION:
Ty, Distancy fi. Direction ﬂ ,u
Type Distance fr. Direction

15. ABANDONED WELL PLUGGED? O ves O o

14.PUMP: ] Not Installed IE"PU/W Instaflation Only

Casing Diaméter "I Depth f. mﬁmﬁm 3 V23
PLUGGING MATERIAL: D Neat Cement D Bentonite Slurry Length of Drop Plpf ft. Capacty’ / Z G.P. M
D Cement/Bentonite Slurry [ concrete Grout - D Bentonite Chips TYPE: ‘.@ Submersible E] Jot DOher
No.ofBags Casing Removed? D Yes D No PRESSURE TANK: ’
16. REMARKS: (Elevation, Source of Data, etc.) ' . Manutacturer'sName_Zy¢ 2&E.5 /(?/é‘
' ' ModelNumber / 4fr3 _____ Capacily Gallongfe/

18. WATER WELL CONT RACTOR S, CE RTIFICATION

17. DRILLING MACHINE OPERATOR:

mt—:gyee O SUZVZCM ! ; P
N

GW-2-228 A3 A

RECEIVED JUk 02 1997

LOCAL'HEALTH DEF:

PA 1978
Authodly: Mw o

Mg Convigtion of 8 viclation of mypm«d.nlu a mhm




GEOLOGICAL SURVEY NO.

1 LOCATION OF WELL

)7'4,/%;

Township Name

/#//MTJ?

IVIIOGUUHIAIN UCTFAAMN EIVILIY S W 3 U LI 5 e o

WATER WELL I;ND PUMP RECORD
- 10 _

027

L] LY l.l

PERMIT NUMBER q~“

-00

l $octi§;5ﬁ;:mber -
g&’i’ Y i 9

Range Number

Town Nymber
zZ5 & | ;

Dmance And Dlrecuon “From Hoad Int arsect:on

RO ON LK LAKE

Street Addraess & City of Wall Locatio)

LY £

APPROX. Yy miLeE MoR7H 07 AMect s
EAST SIE

P ORI THIRLES & . CrRAE
Address /&/yy é-Zk M/(g ’@

Address Same As Wall Location? %es D No

Locate with 'x in Section Below

4/(4/( £N

[3] j at I
4 WELL DEPTH: D. eCornpvet?d !&@ow Well

— oy
FT. - " l [/ Replacement Well
D Cable tool gﬂotaw D Driven D Dug
D Hollow rod Auger D Jetted D
8 USE: [S'Domestic D Type_ 1 Public D Type 1l Public
D Irrigation D Type lla Public D Heat pump
Ol testwet [ Typetiv Publnc il
17 S."aﬁ’;&r D Steel Cl Threaded ' \Helght Above/Betew

L7

THICKNESS DEPTH TO
2 . FORMATION DESCRIPTION OF BOTTOM OF | Weight _______Ibs./ft.
. STRATUM STRATUM in. to ft. depth
Groyted Drill Hole Diameter
. 4 Drive Shoe D Yes
{ p . é iln. to ‘Z.;'lt. depth |
SA ‘/D ‘/ C LA / 30 3() in. to fi. depth 1 D(N°

asnc E] Welded

| Surface £ _____#t.
m to M ft. dépth i X -

CLAY 1 ELPAVEL

20

SAY 7 CLAS

26

SAMD 1 ERPAVEL

8 SCREEN: 3 Not Installed

Tyoe SIAIML LS L D-ameterJ b
Slothaur‘J 2. Length ‘/ ’

Set-between / ‘/ / ft. and /(/ S ft.

FITTINGS: B K Packer D Lead Packer D Bremer Check
"] Biank above screen 11 fL. Other

(|_GRAY c LAY

/9
55

/26

9 STATIC WATER LEVEL:

7() tt l;c;low land surface

/1

/45

O Fiow
10 PUMPING LEVEL: below land sudace .

/ﬂ ft. after __L hrs. pumping at _& G.P.M.

SAND

ft. after _ hrs. pumping at GPM.
. Ry e
11 WELL HEAD ] Q‘ﬁ 3 =
COMPLETION: "°xs adapter ] 12" above grade

Baselhenl offset D Approved pit

12 WELL GROUTED?

D No D\Yes From_g_ Mﬂ
WBonlomlelmB Oiher —

D Neat cernent

No..gfbags of cement

15. Remarks, elevation, source of data, etc. L¥

" 17. Rig Operator's Name:

2y

ML/ZCf/AX/T

’7":5

D67d 2/89

LOCAL HEALTH DEPT. COFY.

S ey _’- H X113 ‘Nedtgst sodrce of possible contaminatidn_-_;
Typem Distance 3 1. Direction /(/ [
" Well di d upon con pletion? 2] D No
Was old well plugged? D No
14 PUMP: D Not lnstailed_. D Pump installation Only
Manufacturer's name _______ i i
Model number e HP _ge .V;al!s Z 20d
Length of Drop Pipe L. € 1t capacity ___,La__ G.PM.
TYPE: [B(Submers.me O set
PRESSURE TANK: . —
Manufacturer’s name f}' /'/, 0 L
USE A 2ND SHEET IF NEEDED ’ - Model number _LU_L Capacity . Gallons
%mf' LA =\e WATER WELL CONTRACTOR'S CERTIFICATION: '

This well was drilled under my jurisdiction and this report is true
1o the best of my knowledge and belief.

McPHERSON 3 So NS

0672

REGSTERED ausmess N
NTY Address /%’ AE/ A/ -

Signed C

REGISTRATION NO.

i  Dfers,, /2-70 -9

AUTHORIZED REPHESENTATIVE
- Authority: Act 368 PA 1978
Completion: Required .
Ponalty: Conviction of a violation

of any provision is 8
misdemeanor.



GEOLOGICAL SURVEY -NO, R .
WATER WELL AND PUMP RECORD L2
O-O04 I::: . PERMIT NUMBER
T _LOCATION OF WELL | 28- 0/3 -/09 -02) -00 i+

Fractio Section Number Town Ngber Range Number -

County Township Name

(oA Mﬂg%kSE LI TELIT, A Stk S, S £
Distance And DirgQufli From Road Imersecgﬁi_gé';;..

NE o - I wmﬂﬂL ﬂ e
t‘Z( AK /?_) //‘/Z-Z)CC//CV\/ . Address ﬂd /I’{(X // .

23D Angeh RN et prosonS 7T
Street Address & City of Well Location £1r Ly ) Address Same As Well Location? © [ Yes Q/No
e - - —5 F—1
Locate vlm(h )sl‘ in Selctnon aeloy__; - . Sk.elch Map: 4 WELL DEPTH: lDatoe_ 9‘"2’,',‘“."’ .t gNew Well\
( | | B & ’ FT. ) 1 O Replacement Well
I O D D B A f 72 : [Jcavte toot - E-Hotary [ oriven Ooug
[ | . e . .
. 1 | t . ) . \ D Hollow rod D Auger D Jetted D
ot 1_—T - ':“ =1 T ' X S 6 USE: fbomestic (] Type | Public 1 vype 1 Pubtic
| | 1 2 . L ArGel ] D Irrigation D Type lla Public D Heat pump
[~ _t— _: T-_ _:— ) . . . ’ 4 . , : [Otestwen , [Tvpe b Public a
| ix 1 l N ,a ‘ 7%5%:’;&:, D Steel DThreaded : Height: Above/Below
pt— 1 MILE o] J . | 8 pasiic [[] welded . | Surdace /
e - THICKNESS .| DEPTH TO I _in. to ft. depth | ;
OF BOTTOM OF | Weight '5£V/
STRATUM | STRATUM d"I‘) ‘I(I)H -~ 1. dlemh |
iameter .
: : 7 e in ﬂlo ole 1. depth | Drive Shoe O ves

in.. t/(r;/oﬁ ft. depth ! D No

8 SCREEN:

Vs - D Not Installed
7 ﬂ . E 4/ ’/
Type Diameter __

@l/&nze / O Length g ‘—-f

Set between __ ,--,0 fr. and,[@&_h
FITTINGS KPacker D Lead Packer D Bremer Check )

B Blank above screen : ‘Other

9 STATIC WATER | EVEL: Q\\g ™ I “ ' .
/a/) - - ft. below.land surface - [ Fiow

10 PUMPING I.EVEL _below land surface -

G.P.M.
G.P.M.

h aher hes. pumping at

: C//#/_w |
A | Satllyete)

o ) ’ e o . 1. after _ hrs. pumping at

11 WELL HEAD E Pitless adapter gIZ' above grade

. COMPLETION:
. D Basement offset D Approved pit
' . 1 ROUTED?
N _ 2 WELL GROU (O no_XK] ves From mZ Z 1
D Neat cement ﬁBenlomle E’ Othelbé—élé-%
i e e o . - L f o . . . No. of bags of cement Addmves
K T N ’ : ps % 3 '13 Near!;urc lposs‘ble contamination
. Type Dlstance‘{-’/ 71_“ Dlrecuon
Well digi upon pletion? BYss D No
Was old well plugged? D Yes D No
T4PUMP: M) ot Inst;lll'%d [ Pump Instatiation Onty
[J
Manufacturer's name ///d 5

Model number _LK-L _,%/// Vons 222/
Length of Drop Pipe _L___0 ft. capacity ___Z___ _G.P.M.

TYPE: K] ‘Submaersible Jot .,
PRESSURE TANK: [/ f B
] Mamﬂacturor‘s name - /C-} C— ..

= F7
Modet number 26 a( ;

: 16 WATER WELL" CONTHACTOR S CERTIFICATION
This well was Ur'ugd under my ]unsdlcuon ‘and this report is’ lrue .

ISTRA

- ”7')/""%( (covay/ s

. D&7d £a9 7

Authority: Act 368 PA 1978
Completion: Required i
Penalty: Conviction of a violation

LOCAL HEALTH DEPT. COPY S eraanaon 1s #



GEOLOGICAL SURVEY NO.

11 LOCATION OF WELL

MICHIGAN DEPAR'I_'MENT OF PUBLIC HEALTH
WATER WELL AND PUMP RECORD

o7

PERMIT NUMBER

8

&

ounty

oA g JEnsE fw"wmﬁmmc,

Fracuon

SE ‘/QSE Vs SEA

Sec!io%lumber

prn Number Rang Number
280 c

Fr ﬂoad lnlersocuon ,

O

ance And Directio|

O\LM@L.

2L, (NW)

*PMhnoois Bonle
dress

Rz LOBMSbans, J\“

boafey, S44c

Street Address & City of Well Location Addross Same As Waell Location? Yes D No
Locate with ')s" in Section Below Sketch Map: 4 WELL DEPTH: (completed) ' : Date dhCompletion
T T T ! -
T = ¥7 - L 2-3-p7
- — ..!. — ._:_ _:_ - é ‘5_ D Cable tool otary D Driven D Dug
i 1 1 g [ Hottow rod [ Auger 0 setted G
. £ N
"E- "l—" ':' - —=""‘ . T 6 USE: [WGomestic [ Type | Public [ Tvpe 1t Pubtic
1 | | fou x ﬁ . [ irrigation [ 1ype tta Pubtic ] Heat pump
T "':' - : : = g\ “[Ovestwet [ 7ype b Pubhc O
| - : ] _L 7 gﬁi’:gr D Sloel D Threaded l Height: Above/Below
e 1 MILE | \; _ DWelded I surface f
) THICKNESS | DEPTH TO M __in. to fi. depth [ - ‘ z
2 FORMATION DESCRIPTION OF BOTTOM OF . 1 Weight Ibs./it.
STRATUM -| STRATUM in. to f1. depth
Grouted Drill Hole Diameter t |
in. 1o f de | Drive Shoe 0 Yes
. . depth .
-._S;q /Id O & 8 in. to ft. depth ! No
. 8 SCREEN: D
Not Installed
. pad
04{1 Y Supd| 28| ¥ o5 77C__ ovuma
v yZi Cid
Slol/Gauze — Length

77

7y

Set between 3._/ _2!{__ ft. and _2:2-_ _ ft.
FITTINGS: K-Packerf Lead Packer D Bremer Check

D Blank above screen ft. Other
9 STATIC WATER LEVEL: ) .
ft. below land surface O row
10 PUMPING LEVEL: below land surface
ft. after hrs. pumping at G.P.M.
.. ft. after hrs. pumping at G.P.M.

11 WELL HEAD
COMPLETION:

BTZ' above grade

Basement offset D Approved pit

Pitless adapter

12 WELL GROUTED?

D No B‘Veﬁrom to ft.

[ Neat cement D/Bomonite 3 osher _‘2_4__'_0’__
No. of bags of 1t Additives
13 Nearest source of possible con ination

Type A Z € __Distance ft. pirection 5""’1

D Yes D No

Well disinfected upon compietion?

14 PUMP: D Not lnstalled

D Pump Pla IOE Only

Manufacturer’s na
Model number _,é - W

"‘:L—/ vons o2 £ B

HP
Length of Drop Pipe (22 f1. capacity _&__ G.P.M.
TYPE: m’/submersible D Jet

PRESSURE TANK:

USE A 2NO SHEET IF NEEDED

Manufacturer's name M @Ffd‘f

Model number 02 o L Capacity

Gallons

15. Remarks. elevation, source of data, etc.

SEP 11 1984

067d 2/84

LOCAL HEALTH DEPT. COPY

16 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true

to the hest of my knowledge [ elief.,
Lt rcl) Bustlons

0 ys8/

REGISTERED BUSINESS NAME

address 2O 2855 Gorn ‘)O/ ZI ¢

SRS K

.Sugned@/‘é‘% Mﬂ,« ol

‘Dm /- /c? &

UAUTHORIZED REPAESENTATIVE

Authority: Act 368 PA 1978
Completion: Required
Penaity: Conviction of s violation

misdemesnor.

of any provision is @



GEOLOGICAL SURVEY NO. l

1 LOCATION OF WELL

MICHIGAN DEPARTMENT OF PUBLIC HEALTH
WATER WELL AND PUMP RECORD

PART 127 ACT 368. P.A. 1978

L oltS

PERMIT NUMBER

2

Township Name

'@Qg«ﬁc_\ ’r%dabe-_

\\\\'EOP. ‘L—JL_.

Fracuon

SEYSELXE E v,

Section Number Town Number

&t
Range Number
T egl

Distance And Dnrechon From Road Inﬁsecuon

Aael 2d
\SUE ANV MY | SAc\c‘ ol fead,

AUNZO ﬂc& S, b e

. 2%
"éi{'ﬁéwﬁi‘ Boels

T('.‘d Z L hidwmsbun -Ml-

Street Address & City of Well Location Address Same As Well Location? No
Locate with ')&' in Section Below Sketch Map: 4 WELL DEPTH: {completed) :Dale of Completion
T T T f !
T T z ¥3 - ! Z-2£- 83
» .__!. — ....:_ _:_ - < s D Cable tool B’fo;ary {1 oriven . O Dug
1 i | x : [J Holtow rod [ Auger [ detted )
[ 3 .
Y- ':—“ ‘:‘ - ':' - T 6 USE: Y fomestic  [_] Type | Public O Tyee m Public
|_ _ | _ _|_ s D irrigation D Type Ha Public D Heat pump
_l T : D Test Well [:] Type Itb Public E]
7 CASING: |
| — l M&C‘—“ QA Gismatsr L] Steel  [] Threaded | Height: Above/Below
1 MiLE astic DWelded | Surface __/___ 1.
THICKNESS | DEPTH TO : _J_ in. to _,fo_ ft. depth b, I 4
2 FORMATION DESCRIPTION oF BOTTOM OF f | Weight __. = Ibs./ft.
: STRATUM .| STRATUM - in. 1o 1. depth I
Grouted Drilt Hole Diameter L D
_ in. 10 ft. depth | Drive Shoe Yes
-
et A (/ o /d in. to f1. depth ! U no
- . 8 SCREEN: . D Not !nstalled
. ., o,
Lesmr Loy, Sor lfJ /0 ‘?f-‘" Type f/’,",‘" fde Diameter &~
- 7/
Siot/Gauze .. 1 LE Length 5
=9
Sauo V¥ C/' s & Yo Set between ,5/1‘ ft.and &5 it
/ FTTINGS: EllAPacker [] Lead Packer [] Bremer Check
o \M.&{ ¥ o < 3 siank above screen _od__ tt. Other
9 STATIC WATER LEVEL: .
LD ft. below land surface ] Fow
10 PUMPING LEVEL: below land surface
ft. after hrs. pumping at G.P.M.
ft. after hrs. pumping at G.PM.

11 WELL HEAD

COMPLETION: [(12° above grade

Basement offset D Approvad pit

DPrﬂess adapter

12 WELL GROUTED? ft

) D No D)Ie‘s From
D'Bemonile ] Olher__;,,«_.;._:L__

No. of bags of cement. Additives

to

O nNeat cement

13 Nearest source of possible contamination

Tye .-'S.:&i}(t.—_ Distance 4" . Direction _M

Q'Yes D No

Well disinfected upon completion?

USE A 2ZNO SHEET If NEEDED

14 PUMP:

D Not Installed D Pump Installation Only

Manufacturer's name

Model number __o2 > P Volts _el 32
Length of Drop Pipe ft. capacity _L G.P.M.
TYPE: Dsubmersible O e

PRESSURE TANK:

Manufacturer's name Aocf/ »’;{{ﬁnr/

Model number & z;t;L Capacity

Gallons

15. Remarks. elevation, source of data. etc.

16. WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilted under my jurisdiction and th:s report is true

to the best of my know!edge and belief.

0¥,

REGISTERED BUSINESS NAME

Address __ L 2 T 4

Brsue Ul

CHEGISTRATION NO.

£

Jle

Signed // ,4//

R .
: P 4NNV

/2~

g FO

D67d {Rev. 10-80)

Au:‘Homzso REPRESENTATIVE

LOCAL HEALTH DEPT. COPY



GEOLOGICAL SURVEY SAMPLE No. [

e I

-

I I T A S N | I R I O

OE WE

&WM_
Distance And Direction from Road Intersoctions -

Street addrosa & g ity off¥ell Locotion

l_??_l\al'/‘ [N af_me !l G an

"WATER WELL RECORD ' MICHIGAN DEPARTMENT
AG PA 1965 _ OF 14
1 LOCATION OF WELL | . PUBLIC HEALTH
County Twp. Fraction Section No. Town Range

OWNER OF WELL:

Addnss . Elk m

DEPTH TO

v 14 WELL DEPTH: (completed)  Date of Completion
2 FORMATION STRATUM | STRATOM. 11§ . Deoe., 7, 1968
C 5 [J Cable tool nRotoq [J oriven ] Dug
t‘p soi}) 2 2 3 Hollow rod 3 Jetted 0 Bored O__
: ' ) ] 6 use: Xl Domestic O public Supply O Industry
M 1m 110 : D {rrigation D Air Conditioning O Commercial
O Testwen O

Water cand 5 1S 7 SASING: 1o 4ad B Wolded L] JHeight: Above/Balow

_L!n to lmh. Depth {wrfcco__s_-:rt.

. . :Vloight 33 _Jbs/ht.
in. to —ft. Depth |Drive Shoe? YISENOD

8 SCREEN:

Typom_‘m_/_me.- hn
Slo'/Gauza_m_M Length 5’
" Set between__Y1Q _ft. and LG f.

Fittings:

Teed packer

9 STATIC WATER LEVEL
i E& 'é__.h. below land surfoce

10 PUMPING LEVEL below land surface

_!]_U_T_h. aftec. hrs. p

e _f1. after.

ping g.p-m.

hrs. pumping—— _ __g.p.m.

11 WATER QUALITY in Parts Per Million:

dron (Fe)__2RTTP cmondes (o))

Hardnel:______

12 weLL HEAD COMPLETION: [J In Approved Pit
&Pitless Adapter [ 12'* Above Grade

13 GROUTING:
Well Grouted? D Yes 9 No

Material: D Neat Cement D

Depth: From ft. ta___Ft.
14 sANITARY:
Nearest 'Sour,:o of mn_ﬁnlncﬁm
foot Direction . Typo

Well disinfected-upon completion Yes [] No

15 pump:
Manufacturer's Numem
Model Numbe!__m HP h |
Length of Drop Plpo_ll.o_ﬁ capccny_zo:- P. M
Type: XJ submersible O

Jot g8 Rociprocating

16 Remarks, elevation, source of data, etc.

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true
to the best of my knowledge and belief.

02720

< R NUSS REGISTRATION NO.

Addnu——nﬁ-&.t—l——m‘—mgﬂa—%——

DE7D 100M

6-66

Signe é - Daln_&lw———
i AUTHORIZED REPRESENTATIVE
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GEOLOGICAL SURVEY SAKPLE No. -[*

1 LOCATION OF WELL |

WATER WELL RECORD

ACT 294

Township N

Coun
W/ rn"b/ /fﬂw‘f}e

Z Wj;%ﬂcnon

PA 1965

L]

MICHIGAN, lgEPARTMENT I(pE
PUBLIC HEALTH

Q%[IUA 1‘15'/.

Section Number |[Town Number Range Number

/& 25 v | T e,

Dlstance And Direction from Road lnte(s/cnons

H, mr’” -5""‘

/g//( //

Street address & City of Well Location

7% . // 5t

3 O!VNER OF WE ) e //ﬂdll’jﬂﬂ

Address

g M s dec rg por1E4

(—r= v-&(

i

Locate wlthn'fX" tn section below Sketch Map: 4 WELL DEPTH: (completed) Date of Comgfetion
T T 1
I | / / LS. ff-2AF P55
I _:_ :- — 4/) ,-L / 5 [ cebte toat O Rotary 1 oriven O ouw
1 | ! . [ Hottow rod ] setted E Bored £
Y- ":_‘":' ":"' T [/k /4-/0 / 6 USE: Boomestlc D Public Supply D .Industry
1 | 1 D lerigation D Air Conditioning D Commercial
.._.-l——-r——l——- § M. D D
1 i 1 Test Well
Py _L 7 CASING: Threade&K] welded[] ! Height: Ab;ve/m
L-o—— 1 msu: . | ) ) ) Surface ft,
THICKKESS | DEPTH TO & @
2 FORMATION OF B0TTOM OF _Lm. to /_/__é“_ Depth | Weluhtles /ft.
STRATUM .| STRATUM in. to ft. Depth | Drive Shoe? Yes EI No&'
' 8 SCREEN:
. [/}
15%”0 7d 7ﬂ Type: j')’ Dia.: ¢/ . 4
s

7Y

yrfkl  SLPHL

27

/L /

SiovGawze 2 2 /C  Lenghn
Set batween_l& ft. and _AL_&.

Fittings:

9 STATIC WATER LEVEL

ft. betow (and surface

10 PUMPING LEVEL below land surface .

ft. after hrs. pumping 0.p.m.

ft. after___ hrs. pumping g.p.m.

11 WATER QUALITY in Parts Per Million:

Iron (Fe) Chtorides {C1)

Hardness Other

12 WELL HEAD COMPLETION: D In Approved Pit
m Pitless Adapter B’tz" Above Grade -

13 wen Grouted?& Yes No
E] Neat Cement D Bentonite m J/K/O

Depth: From ft. to ft.
14 Nearest Source of possible contamination P
Jv feet /

Direction _.%_’_‘___Twm
Well disintected upon completion [ ]¥es [ No

USEL A 2ND SHEET IF NEEDED

15 pump: [ Not jagtatt 6/
Manufacturer’s Name % é/t’jﬂ 3 /’

Model Numbaer HP /A volts 230
Length of Drop Pipe ft. caDacity,&G.P.M.

Type: K] Submersible

0 Jer

{3 Rreciprocating

16 Remarks, elevation, source of data, etc.

Dé7d 100M (Rev. 12-68)

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my )urlsdlcuon an thls report is true

to the %}’d

owe a/’/%/ //n/7 Oz,y/

REGISTERED BUSINESS NAME

Address

Signed

'/ﬂ7d_j':é,r47/ ter. oS 67 lo;’/ ,

e e Date //" 22"
UTPoR 1 Z PRESENTATIVE
/f/’,%é ﬂ

LOCAL HEALTH DEPT. COPY



« GEOLOGICAL SURVEYNO. | © WATER WELL AND PUMP RECORD T

L£-O0\

MICHIGAN DEPARTMENT OF PUBLIC HEALTH

VIEd4

1 _LOCATION OF WELL

2%~ 13-16-O% =0 | )b

'(;2}-7/‘//) 7%/}1&’/& Toz(s};z;l;m;z'luj?/ < ;{2012 & /‘M/ Sectio)Néu;nber Tow% Hange&mb;r

/) % 7/’7-7 '?C' ¥ /‘2/ 3/
ﬂ/’Ué el '

Distance And Dnrecuon From Road lntersecuon . 3 OWNER OF WELL:
SourH - N

Street Address & City of Well Location Qégj él,/ ék (A Address Same As Well Location? D Yes /i(No

yeyid
_Addvess Qéaé & (/\ l 43/6‘ /({_).

Locate with X" in Section Below otc Map: 4 WELL DEPTH: ‘Date Cnglmedvul : New WeTI

- T : - S USE: R pomestic ] Type | Public [ Type It Public

|
! . . .

- _.:_ - M. K . . Orestwet [ Type b Publuc O
1

. l : f?’ ] : -7. i‘;ﬂrzg} ‘Ostea” [ mreaded I Height: - Above/Below

PPy 137+ 5 ' 9q [ Reptacement wat
e —i ‘Lﬂkz . d 5 D Cable tool aﬂotaw D D:ven D Dug

D Hollow rod D Auger D Jetted D

. D Irrigation L__] Type lla Public D Heat pump

* : Plasuc DWelded 1 sudace 2 fr.

2 FORMATION DESCRIPTION *] ok | sotrom oF | i to ft. depth

THICKNES: PTH 2 ___in to ft. depth
s o T ' P : Weight Ibs./fu.

STRATUM | - STRATUM
Grouted Drill Hole Diameter

X
O\

an tposoll

|
in. 10 t. depth | Drive Shoe O Yos

0 1 ; ( O no

in. to ft. depth 1

I.
&)

sand

8 SCREEN: - _ [ Not Instalted

Type sJIMNMBOTY ~ Diameter _J_pim___

£ine sand

Slot/Gauze __!30 Length 5*

Setbetween 332  fand __$37

FITTINGS: E K-Packer D Lead Packer [:] Bremer Check

9 STATIC WATER LEVEL:
\ W

25

63

120 D . Blank above screen 3¢ ft. Other
128 _.Lﬂ below land surface D Flow

10 PUMPING LEVEL: below land surface

' 137 125 ft. after hrs. pumping at ._9_ G.P.M.

ft. after hrs. pumping at G.P.M.

11 WELL HEAD . .
COMPLETION: BO®ivess adapter 12" above grade
Basement offset [0 Approved pit

12 WELL GROUTED? O No X% ves From. e . 29 4

D Neat cement D Bentonite D Other

No. of bags of 0 —_ Additives ml p_gg_:__

T . | 13 Nearest source of*possible ¢ ination .

Type _m__ Distance __m Direction __H__

Well disinfected upon completion? [xYes D No
Was old well plugged? D Yes D No

14PUMP: M) ot instalted 3 Pump Instatiation Only

Manufacturer's name Duro

3 . number - SDASYE  wp _m_ _230
RECEEVED ::::‘ of Dbr:p Pipe _'125_ fi. capacity __v;"s____ G.P.M.

TYPE: . Submersible D Jet

USE A 2ND sﬁEF#QJ&AVERSE COUNTY - Model number Capacity ______________Gallons

JUN 2 1 1997 - PRESSURETANG  gome installed

Manufacturer’s name

15. Remarks, elevation, sourcd 'of UBAUGRARTMENT = 16. WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true
to the best of my knowledge and belief.

0795

REGISTERED BUSINESS NAME ° REGISTRATION NO.

17. Rig Operator's Name:

Address _~._O1 = ic TCo

Date 1

Dale n:ogp Signed

D67¢ 2/89

Authority: Act 368 PA 1378

Completion: Required .

Penalty: Conviction of a violation
of any provision is 8

LOCAL HEALTH DEFT. COPY misdemeanor.




MWERL MICHIGAN DEPARTMENT OF ENVIRONMEN{ AL QUALII Y NDD
DRINKING WATER & RADIOLOGICAL PROTECTION DIVISION

TAXNG: : WATER WELL AND PUMP RECORD PERMIT NO:

422 4= e e Co Completion is required under authority of Part 127 Act 368 PA 1978 | \
1.  LOCATION Of WELL Failure to comply is a misdemeanor Q C.’ C g é 6’
Coynty “Township Name "Fraction Section No. Town No. Range No.
CRAND TRAERE (A ITE A TE & | MEws MUNI | 40 2 | G/
Distance and Direction from Road Intersection 3. OWNEROF WELL ) . /[/ ,
e Ll " CeuTH c+ ANCE ¢ e 3 Address LUwliAnd 4C/V

. : : “IEE ANEEY 20
—v 14 West cf ERK LK. ReAd i//ff//)ﬂ/.g c?:,c/'c, Y274

Street Address & City of Well Location f!; ‘(} /] /VéE'-/, Aﬂp‘? D " Address Same as Well Location W Yes D No

Locate with 'x’ in Section Below Sketch Map . |4. wewDEPTH: Date Completed | B New well
L] f
T ' ID’; | B 1\ G| O Replacement wei
L — - ] ANC{‘ L }—:C /1018 Ocabte Too! 2 Rotary Oodven Ooug
I I : ==+ [JHoliow Rod [ AugerBored [ Jotted
— T T T 7 o : Hevstl 6. use: [DHousenold [JType 1 Public [ Type 1t Public
I R N i:..;'l M T e Shed ! [ %rdganon [ Type t1a Public [ Heat Pump
toor c b ' ' !S est Well [ Type tib Publie [J
R : o . {17, casing: [Osteet TlTireaded Helght, ABove/Below
I T | ABov
Plastic [ Welded SuraceT |t
2. FORMATION DESCRIPTION THICKNESS | TS, Other
' STRATUM | STRATUM Diameter: in. 1o ft. depth | Weight: = —_._-.. s/t
Sand =g | T anm
YEA L . - = BORE HOLE: [ orive Shoe
Clay, { Ob Diameter: in. 1o ___t. depth | [ shale Packer
Eiz in. AR depth
%\C[ C\ A\/ %AA V‘El 50| 26 8. SCREEN: [ Not installed . FGravel-Packed
S&'\&( i : 105 Type, et st Diameter A’/
ASlotGawze_ \ ¢ Length: u
\SelBe!ween ‘9’2 fi.and ln fL |
FITTINGS: DK Packer D Bremer Check
[3Biank Above Screen _7.-_1_*___1t. Oter.
9. STATIC WATER LEVEL:
> fi. Below Land Surface ] Flowing

10. PUMPING LEVEL: Below Land Surface
s U hoARer | hrs. Pumping at G.PM.
O Plunger- D Bailer g Air D Test Pump
11, WELLHEAD COMPLETION:
D Pitess Adapter 12" Above Grade
[ Basement Ottset | Well House
12. WEWLGROUTED?  [INo [Aves From ¢~ wlf=
D Neat Cement D Bentonite J@omer LPR R PN
No. ofBags PR Additives,

13. NEAREST SOURCE OF POSSIBLE CONTAMINATION:

Type_ .2 4. t... Distance__/; ¢~ ft. Direction
) Type, ' Distance . ft. Direction
USE A 2ND SHEET IF NEEDED : - O - D
i 14, PUMP: Not Installed Pump Installanon Only
. P ? '
15, ABANDONED WELL PLUGGED O ves Ono arere Voo
Casing Diameter in. Depth ft. Model Number = 3 % Volls -~ 2
PLUGGING MATERIAL: (] Neatcement [ Bentonite Sury Length of Drop Pipe ¢4 1. Capacity i p "
[0 cemenvBentonite Slurry O concrete Grout  [J Bentonite Chips TYPE: L. Submersible . L lJet Domer
No.of Bags Casing Removed? [ J Yes [ No PRESSURETANK:  ~ - Lo A
) — A TR
16. REMARKS: (Elevation, Source of Data, etc.) Manufacturer's Name__

Mode! Number, Lo N A DSapadiy Gallons

18. WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true to the best of my.
knowledge and belief. -, -4

17. DRILLING MACHINE OPERATOR: I
5 . y 7
-gEmpléiéa\D smcon‘mcm, . ATJER\E\D \Busm\( 1& ‘!Et \ i LJl Ly 1 H s . — [ !

Name I o i_\:»‘-ﬁ A l\dcress/:l

w-\\g TN

RECEIVED JUN)O 3 1999 Signed

.

"~ AUTHORIZEQREPRESENTATIVE =t

_ EQP 2017 (12/96)
LOCAL HEALTH DEPT. COPY _
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HYDROLOGY AND LAND USE IN
GRAND TRAVERSE COUNTY, MICHIGAN
by

T.R. Cummings, J.L. Gillespie, and N.G. Grannemann

ABSTRACT

Clacial deposits are the sole source of ground-water supplies in Grand
Traverse County. These deposits range in thickness from 100 to 900 feet and
consist of till, outwash, and materials of lacustrine and eolian origin. In
some areas, the deposits fill buried valleys that are 500 feet deep.
Sedimentary rocks of Paleozoic age, which underlie the glacial deposits, are
mostly shale and are not used for water supply.

| - Of the glacial deposits, outwash and lacustrine sand are the most

’ productive aquifers. Most domestic wells obtain water from sand and gravel at
depths ranging from 50 to 150 feet and yield at least 20 gallons per minute.

‘ Irrigation, municipal, and industrial wells capable of yielding 250 gallons

P - per minute or more are generally greater than 150 feet deep. At places in the

county where moranial deposits contain large amounts of interbedded silt and

clay, wells are generally deeper and yields are much lower.

- Areal variations in the chemical and physical characteristics of ground
and surface water are related to land use and chemical inputs to the '
hydrologic system. Information on fertilizer application, septic-tank

} discharges, animal wastes, and precipitation indicate that 40 percent of
nitrogen input is from precipitation, 6 percent from septic tanks, l4 percent
from animal wastes, and 40 percent from fertilizers.

Streams and lakes generally have a calcium bicarbonate-type water. The
dissolved-solids concentration of streams ranged from 116 to 380 milligrams
per liter, and that of lakes, from 47 to 170 milligrams per liter. Water of
streams is hard to very hard; water of lakes ranges from soft to hard. The
maximum total nitrogen concentration found in streams was 4.4 milligrams per
liter. Water of lakes have low nitrogen concentrations; the median nitrate
concentration is less than 0.01 milligrams per liter. Pesticides (Parathion
and Simazine) were detected in low concentrations at six stream sites; 2,4-D
was detected in low concentrations in water of two lakes. Relationships
between land use and the yield of dissolved and suspended substances could not
be established for most stream basins.

Calcium and bicarbonate are the principal dissolved substances in ground
water. Dissolved-solids concentrations ranged from 70 to 700 milligrams per
liter; the countywide mean concentration is 230 milligrams per liter. The
mean nitrate concentration is 1.3 milligrams per liter; about 1.6 percent of
the county's ground water has nitrate concentrations that exceed the U.S.
Environmental Protection Agency's maximum drinking water level of
10 milligrams per liter. An effect of fertilizer applications on ground-water
quality is evident in some parts of the county.

1




INTRODUCTION

An increased demand for water by irrigators, municipalities, and
industries is affecting development throughout the country. Long-term
effects, however, can rarely be predicted without detailed geologic and
hydrologic information. Along with climate, geologic conditions control the
natural chemical characteristics of water. Concern over the changes in the
natural quality of both ground and surface waters has prompted examination of
how land use modifies the suitability of water for its varied uses. Such
changes are usually subtle, and not easily measured in a short period of time.

This study is one of a series of three county studies that attempt to
relate hydrology to land use in Michigan. Other studies have been conducted
in Van Buren and Kalamazoo Counties. Grand Traverse County was selected
because agricultural development, although intense at places, was not as
prevalent countywide as in the areas previously studied, and because general
environmental conditions are d1fferent in the northern part of Michigan's
Lower Peninsula.

The study was done in cooperation with Grand Traverse County and the
Geological Survey Division of the Michigan Department of Natural Resources.
The compilation of land-use data, information of fertilizer use, animal
populations, and septic-tank installations were the responsibility.of the
Grand Traverse County Extension Service. Collection and analysis of geologic,
hydrologic, and water-quality data were the responsibility of the U.S.
Geological Survey.

Purpose and Scope

This report describes the results of a study of the chemical and physical
characteristics of ground and surface water in Grand Traverse County and to
relate these characteristics to land use. The investigation required an
assessment of the chemical inputs to the hydrologic system, including those of
precipitation, animal wastes, septic tanks, and fertilizers. Data on geology
and hydrology, which provide the necessary basis for interpretations, were
also collected and evaluated. Readily available land-use data were compiled
for use.

General Description of Study Area

Grand Traverse County is in the northwestern part of Michigan's Lower
Peninsula (fig. 1). On the north it is bounded by the East and West Arms of
Grand Traverse Bay, a part of Lake Michigan. The Boardman River, which drains
the central part of the county, flows to the Bay. The land surface is flat to
rolling and ranges in elevation from about 580 ft (feet) above sea level at
Lake Michigan to about 1,180 ft in the southeastern part of the county (fig. 2).
The county has about 240 lakes and ponds.

The county comprises about 485 mi? (square miles) and is composed
principally of cropland, orchards, and forests. Its population is about
55,000 (U.S. Bureau of Census, 1982). The largest community is Traverse City,
which has a population of about 15,000 (fig. 3).
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——— e

44’45‘—. %L?q
R
s

N

|/ AP
S

- Base from U.S. Geological Survey
1:62,500 quadrangles

3 6 MILES
1 _J

0
I | T
0 3 6KILOMETERS

EXPLANATION

—1000— TOPOGRAPHIC CONTOUR--Shows
elevation of land surface. Contour
interval 200 feet. Datum is
sea level -

Figure 2.--Elevation of land surface.



Traverse City

-

(15,393)
85°45'
1
44°45'— LONG LAKE WHITEWATER|
(3,822) TOWNSHIP EAST BAY (1,411)
(8,739) TOWNSHIP
(6,197)
GREEN LAKE BLAIR UNION
TOWNSHIP | TOWNSHIP TOWNSHIP
(2,985) (4,598) (185)
Kingsley
(663)
. . 8 yd Fife Lake
4'85—  GRANT | MAYFIELD Soraose | 407 B
TOWNSHIP | TOWNSHIP :
- TOWNSHIP | FIFE LAKE
(674) (811) (2.114) TOWNSHIP
) (1,058)
1 1
Base from U.S. Geological Survey
1:62,500 quadrangles (l) 515 j MILES
i ] T
0 3 6KLOMETERS

Figure 3.--Population in 1980, by township.
(U.S. Bureau of Census, 1982.)



Average annual precipitation for Grand Traverse County is about 31 in.
(inches). It ranges from 30 in. at Grand Traverse Bay to 32 in. inland.
Average snowfall, measured from July to June, ranges from 87 in. at Traverse
City to 106 in. at the Village of Fife Lake in the southeastern part of the
County (Fred Nurnberger, Michigan Weather Service, oral commun., 1990). Mean
monthly temperatures range from 16 °F (Fahrenheit) to 65 °F.

Farming is an important part of the county's economy. Fruits,
vegetables, and field crops can be raised satisfactorily with rainfall;
however, irrigation increases yields and provides greater profits. About
2,000 acres are irrigated (R.L. Van Til, Michigan Department of Natural
Resources, written commun., 1985). From 1970 to 1977, the amount of water
used for irrigation increased 324 percent. Tourism is also important to the
economy. In summer, the mild climate, the bay, and the many lakes make the
county a popular recreational area. In winter, abundant snow and ice-covered
lakes provide excellent conditions for winter sports. Oil and gas exploration
and development are expanding in the southeastern part of the county.

Of the 55,000 residents of Grand Traverse County, about 40,000 depend on
ground water for domestic supplies. The remaining residents obtain water from
the Traverse City municipal systems, which pumps water from the East Arm of
Grand Traverse Bay.

GEOLOGY

Grand Traverse County is underlain by sedimentary rocks of Paleozoic age
that consist mostly of shale, limestone, and sandstone. Glacial deposits, the
result of continental glaciation during the Pleistocene Epoch, consist of
gravel, sand, silt, and clay. These unconsolidated deposits completely cover
the bedrock surface and are as much as 900 ft thick at places.

Bedrock

Bedrock directly underlying the glacial deposits is divided into six
geologic units (fig. 4). These geologic units are, in ascending order, the
Antrim, Ellsworth, Sunbury, and Coldwater Shales, and the Marshall and
Michigan Formations. The four shale units underlie all of the county except
for the southeastern part which is underlain by the Marshall and Michigan
Formations. The Marshall Formation is primarily a sandstonej the Michigan
Formation is primarily a limestone. '

Structurally, bedrock underlying the county is part of the Michigan
basin, a bowl-shape feature with a center that roughly coincides with the
geographical center of Michigan's Lower Peninsula (fig. 1). Geologic units
dip toward the center of the basin where the youngest rocks subcrop. _
Therefore, the bedrock units in Grand Traverse County dip southeastward.

Elevation of the bedrock surface ranges from about 200 ft below sea level
in the western part of the county to about 700 ft above sea level in the
southeastern part of the county. Weathering and erosion throughout geologic
time have created this variable relief. During periods of glaciation, erosion
deepened pre-existing bedrock valleys and filled them with unconsolidated
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glacial deposits. One major buried valley, 500 ft below the elevation of the
surrounding bedrock surface, trends north-south in the southwestern part of
the county; two other major buried valleys trend east-west (fig. 5).

Scant data are available to determine the elevation of bedrock in the
northwestern part of the county and on Old Mission Peninsula (pl. 1). At
present, there are no wells that penetrate bedrock in these areas. Analysis'
of data from the few wells that do exist indicate that bedrock is at least
300 ft below land surface. :

Glacial Deposits

Continental glaciation ended about 10,000 years ago in the northwestern
Lower Peninsula of Michigan. As the glaciers melted, they left behind
extensive deposits of gravel, sand, silt, &nd clay. The thickness of these
deposits ranges from about 100 to about 900 ft. The lithology of the upper
part of these deposits is indicated by the logs of 36 wells (table 1, at back
of report) installed by the U.S. Geological Survey. At some locations the
glacial deposits have been reworked, eroded by wind and streams, or eroded by
wave action in the ancestral Great Lakes, whose water levels fluctuated as
much as 200 ft after deglaciation (Hough, 1958).

Glacial deposits found in Grand Traverse County include till,
glaciofluvial, and lacustrine deposits. Alluvial deposits of more recent
origin occur near stream channels; eolian deposits occur near shorelines. The
different types of glacial deposits are associated with landforms, such as
till plains, outwash plains, moraines, and lake plains. The composition of
these deposits, however, ranges from coarse gravel to clay.

Till is a mixture of gravel, sand, silt, and clay. In Grand Traverse
County, till can be either coarse or fine grained. At some locations,
boulders and cobbles also are present. Surficially, moraines in the county
are composed of till that is primarily sand, gravel, and silt; moraines
contain a relatively small amout of clay (Farrand, 1982). The moraines, which
trend east-west, were formed when sediments were deposited as the glacier
retreated. The Manistee moraine crosses the northern part of the county; the
Port Huron moraine crosses the southern part (fig. 6).

Relief in areas of moraines is variable and is referred to as hummocky
topography.. Hummocky topography developed when differential melting of the
-glacier caused sediment to accumulate in low areas on the ice surface, which
prevented the ice from melting rapidly. Depressions or kettle lakes on the

land surface are places where ice blocks covered by sediment melted.

Till plains are present on Old Mission Peninsula and in the extreme
northeastern part of the county. Topography at these locations consists of
rolling plains and drumlins. Drumlins are smooth, glacially formed hills,
elongated and aligned parallel to the direction of glacier movement. Drumlins
.are commonly found in fields; similar forms are found grouped together. The
drumlins were probably caused by a readvance of glacial ice for a relatively
short period of time.
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Outwash plains, which are stratified sand and gravel deposits, are formed
by glacial meltwater as multiple braided stream systems coalesce at or near
ice margins. An extensive outwash plain trends east-west across the middle of
the county between the Manistee and Port Huron moraines. It was created by
sediment-laden meltwater that flowed from glacial ice when the Manistee
moraine was formed (fig. 6). Outwash in the southeastern and southwestern
parts of the county is similarly associated with the Port Huron moraine.
Drainage of the outwash plains was to the west-southwest.

Relief of the outwash plains changes from level to gently steepening in
the direction of ancestral drainage. The area of greatest relief on the
outwash plains occurs where the Boardman River has downcut into the plain to
flow to Lake Michigan. Relief in this area is as great as 150 ft.

Lacustrine deposits range from sand to clay, depending on the
depositional environment. High-energy environments, such as beaches, are
composed mostly of sand; low-energy environments, such as distal parts of
lakes, are predominantly clay. In Grand Traverse County, lacustrine deposits .
such as beach sands, deltaic sands, and lakebed clays, are found at the
surface and in the subsurface. Beach sands are found along Old Mission
Peninsula. From Traverse City east to Acme, the area is a sandy lake plain.
Deltaic sand deposits are found where the ancestral Boardman River downcut
through the Manistee moraine and flowed into ancestral Grand Traverse Bay.
The relief of lacustrine deposits is usually flat except where old beach
ridges are found.

Eolian deposits are found at the tip of Old Mission Peninsula and consist
mostly of well-sorted sand. These deposits are topographic highs, and are
dune shaped. They were formed by northeasterly winds from Lake Michigan.
Other eolian deposits are found on the eastern shore of the East Arm of Grand
Traverse Bay. Alluvial deposits are found mostly along the Boardman River,
whose flood plain is as much as 4,000 ft wide.

HYDROLOGY
In Grand Traverse County, about 16 in. of the annual average precipitation
(31 in.) are evaporated or transpired by plants. Of the remaining 15 in.,
about 4 in. become streamflow; about 11 in. percolate to the water table and

recharge ground-water reservoirs.

Surface Water

Grand Traverse County is drained largely by the Boardman River in the.
northern and central part, by the Betsie River and its tributaries in the
western part, and by tributaries of the Manistee River in the southern part.
The county has about 240 lakes and ponds which comprise about 28 mi? or 6
percent of the county (Humphrys and Green, 1962).

Streams
A daily discﬁarge record on the Boardman River near Mayfield (U.S.

Geological Survey surface-water station 04127000) has been obtained since
1952. Average discharge for the period of record is 196 ft®/s (cubic feet per
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-second). The maximum dischargé, 1,220 ft?/s, occurred in September 1961; the

minimum, 30 ft?/s, occurred in January 1965. Figure 7 shows hydrographs for
this station from October 1983 through September 1986.

During this investigation, measurements of discharge were made
periodically at 24 sites at the time water-quality samples were collected.
The locations of these sites are shown on plate 1; maximum and minimum
discharges at each site are given in table 2. Twenty-four drainage areas,
lettered A to X, have been defined based on the locations of these sites.
Figure 8 shows the boundaries of these areas. Based on the data shown in
table 2, runoff at high flow ranged from 0.77 (ft?/s)/mi? (cubic feet per
second per square mile) at Anderson Creek near Buckley to 5.7 (ft®/s)/mi? at
Hospital Creek at Traverse City. Runoff at low flow ranged from 0.056
(£ft3/s)/mi? at Tobeco Creek near Elk Rapids to 1.5 (ft®/s)/mi® at Williamsburg
Creek near Williamsburg. '

Lakes and Ponds
The lakes in Grand Traverse County range from 0.l to 2,860 acres in size;

a depth as great as 102 ft has been measured. Long Lake is the largest in the
county; Green Lake is the deepest. The location of principal lakes is shown

- on plate 1. About 71 percent of the lakes have neither inlet nor outlet,

about 20 percent have inlets and outlets, about 8 percent have outlets only,
and less than 1 percent have inlets only. With the exception of Peninsula
Township, lakes and ponds are well distributed throughout the county.

Ground Water

In Grand Traverse County, most ground water is contained and flows in the
glacial deposits that overlie bedrock. It generally flows toward Grand Traverse
Bay or to streams that are tributary to the bay, except in the southern part of
the county where it flows to the south, southeast, and southwest out of the
county. The occurrence and distribution of water in bedrock has not been
thoroughly -investigated, and little is known of its movement.

Aquifers

The nature and size of pore spaces and other openings in rocks are the
primary factors controlling the movement and storage of ground water in
aquifers. The major aquifers in the county are the outwash sand and gravel
and lacustrine sand deposits. These deposits, which have large interconnected
pore spaces, readily transmit water and are the most common sources of water.
Till, lacustrine silts and clays, and other fine-grained deposits have
relatively low porosity which restricts the flow of water; they yield only
small amounts of water to wells. ’

Within the glacial deposits, layers of till or till and clay are present
in much of the county. Figure 9 is a geologic section from Bellen Lake
through Long, Bass, and Silver Lakes that shows an increase in fine-grained
units from west to east. These units divide the glacial deposits into many
water-bearing units. In the lower units, ground water is partly confined by
till and clay; in areas where outwash or lacustrine sand deposits are at land
surface, however, ground water is unconfined.

12
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Table 2.--Maximum and minimum discharges at periodically measured
sites in Grand Traverse County, 1984-86

(ft®/s, cubic feet per second]

Maximum Minimum

Site Number of discharge dlscgarge
! number Station number and name measurements (£t7/s) (£t?/s)
I - 1 04123706 Fife Lake Outlet 7 22 9.2
’ near Fife Lake
2 04123910 Anderson Creek 22 25 6.4
near Buckley ' : .
3 04126525 Mason Creek near Grawn 7 17 . 7.6
4 04126532 Duck Lake Outlet 7 52 22
near Interlochen .
S 04126546 Green Lake Inlet : 20 132 16
. near Interlochen :
1 . ) . .
] 6 04126550 Betsie River 7 93 42
near Karlin
7 04126958 North Branch Boardman 7 91 43
River near South Boardman
8 04126950 South Branch Boardman 8 70 _ 38
River near South Boardman
9 04126970 Boardman River at 23 338 99
Brown Bridge Road near Mayfield
10 04126995 Jackson Creek 6 11 4.5
near Kinglsey
11 04126997 East Creek 22 118 16
near Mayfield
12 04126991 Boardman River below 21 393 106
Brown Bridge Pond near Mayfield '
13 04127008 Swainston Creek 22 19 11
at Mayfield
14 04127019 West Branch Jaxon 7 1.2 .11
Creek near Mayfield : )
15 04127250 Boardman River 22 539 217
near Traverse City )
16 04127490 Boardman River 22 577 192
at Traverse City
17 04127498 Hospital Creek 22 a4 8.5
.at Traverse City
18 04127520 Mitchell Creek 23 28 4.7
at Traverse City
19 04127528 Acme Creek at Acme 22 22 13
20 04127535 Yuba Creek near Acme 22 22 5.0
21 04127550 Tobeco Creek 22 ) 19 .61
near Elk Rapids
22 04127600 Battle Creek 22 19 ’ 9.4
near Williamsburg .
23 04127620 Williamsburg 22 . 28 12

Creek near Williamsburg

24 04126845 Cedar Run near Cedar ] 3 - 10 8.3
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The Marshall Formation, a sandstone, underlies about 14 mi? of the
southeastern part of Grand Traverse County. It is a well known and productive
aquifer in other parts of Michigan. Few wells have penetrated the formation
in the county, however, and little is known about its hydraulic properties.
Other bedrock in the county is not likely to yield significant water at most
places.

Water Table and Ground-Water Flow

The elevation of the water table, directions of horizontal ground-water
flow, and ground-water divides are shown on plate 2. The map was prepared by
determining depth-to-water from well-drillers' records and subtracting the
depth from the land-surface elevation shown on U.S. Geological Survey
topographic quadrangles. These values were hand contoured to show lines of
equal elevation. Where well-record coverage in the county was sparse, the
elevation of streams and lakes were used to estimate the elevation of the
water table.

The configuration of the water table is similar to the land-surface .
topography, except that the variation of the elevation of the water table is
subdued. For example, the water table is about 40 ft higher on Old Mission
Peninsula than it is at Grand Traverse Bay; variation in land surface
elevation is as much as 200 ft between the two areas. Most ground water in
the county flows toward the bay.

A major influence on the configuration of the water table and direction
of ground-water flow is the Boardman River. Ground water flowing northward
discharges to the river, which has cut a deep valley in the glacial deposits.
Ground water on either side of the valley flows to the river, which eventually
discharges to Grand Traverse Bay. Some ground water beneath confining units
probably flows under the river. '

In the northwestern part of the county near Bass Lake, a major ground-
water divide extends north to south for about 10 mi, and then eastward to the
southeastern edge of the county near Fife Lake. North and east of the divide,
ground water discharges toward the Boardman River or Grand Traverse Bay.
South and west of the divide, ground water flows toward adjacent counties.

The water table fluctuates throughout the year. Water levels usually
rise during the winter and spring when evapotranspiration is low; they decline
during summer when evapotranspiration is high. Ground-water levels in 20
observation wells were measured during 1985-86 (table 3, at back of report).
Measurements of water levels in an observation well near Fife Lake from 1976-88
indicate that the water table responds to changes in rainfall and/or snowmelt
(fig. 10). Seasonal and long-term responses to recharge are evident. For
example, a rise of 1 to 2 ft in the water level occurs each spring. Long-term
responses are less dramatic and are related to annual precipitation. Figure
10 shows precipitation for and the departure from normal precipitation at
Traverse City Airport during 1976-88. During a period of reduced
precipitation, such as during 1980-82, water levels were low. When
precipitation was normal or above, as during 1983-86, water levels increased.
Snowmelt usually occurs in late March. At about this time, ground-water
levels begin to rise for 2 or 3 months, depending on the amount and time of
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rainfall. Seasonal water-level. peaks usually occur between late May and early
July. Occasionally, a second peak occurs in late autumn when rainfall
increases and evapotranspiration decreases.

Depth.and Yield of Water-Bearing Deposits

Plate 3 is a map showing generalized depth to water-bearing deposits in
Grand Traverse County. The map indicates the depth to which a well must be
drilled within the glacial deposits to obtain a domestic water supply of 10
gal/min (gallons per minute). If the hydraulic properties of the glacial
deposits near the water table are unsatisfactory, depth of drilling may need
to be increased to find a water-bearing zone. These zones are usually coarse-
grained sand and gravel deposits.

In general, outwash and lacustrine deposits are coarse-grained. Wells
installed in these deposits are usually shallow because the water table is
close to the land surface. Where outwash or lacustrine deposits are present,
most wells are less than 100 ft deep. Confining units are usually not present
in these areas at shallow depths.

Fine-grained materials, associated with till and distal lacustrine
deposits, are found in parts of the county where moraines are present. Wells
in these areas range from 100 to 300 ft deep and generally have low yields.
At least one confining unit usually is present, but the deepest wells will
penetrate through multiple confining units to reach a productive zone.

Depth to water is related to type of glacial deposit in the county. The
highest land-surface elevations and greatest topographic relief are associated
with morainal deposits; the depth to water in these areas is greater than in
areas of outwash deposits. Even though some of the deposits are coarse
grained and could yield water to wells, they are above the water table.
Outwash and lacustrine deposits are associated with low topographic relief and
low land-surface elevations. Depth to water is less in these areas than ‘in
moranial areas. In a few.areas where the water table is only a few feet below
land surface, coarse-grained deposits sufficient to store water are not
present. : '

Domestic wells in most of the county obtain sufficient supplies from
wells 50 to 150 ft deep. These wells usually have a 4-in.~inside diameter
casing, a screened interval of 4 ft, and yield at least 20 gal/min. Irrigation,
municipal, and industrial wells are usually 150 to 450 ft deep and are capable
of yielding 250 gal/min or more. These wells have at least a 6-in.~inside
diameter casing and have a much greater screened interval in the water-bearing
zone than do domestic wells.

Hydraulic Properties of Aquifers

The only bedrock units in the county that may have potential for
providing usable supplies of water are the sandstones of the Marshall
Formation. Because of the depth at which the Marshall Formation lies and
because the formation is not tapped for water supplies, no hydrogeologic data
regarding the formation were collected during this study. Other bedrock units
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that underlie the glacial deposits are thought to be as poor aquifers in Crand
Traverse County as they are in other parts of the State because they consist
principally of shales.

The hydraulic properties of the glacial deposits depend on the type of
deposit. Aquifer tests were conducted at two locations during this study to
determine the horizontal hydraulic conductivity and specific yield of
glaciofluvial deposits. The tests were conducted north of Fife Lake (well FL)
and south of Karlin (well GPl) (plate 1). The transmissivity of deposits at
well FL was 4,300 ft?/d (feet squared per day); the specific yield was 0.30.
The transmissivity of deposits at well GPl was 2,500 ft®/d; the specific yield
was 0.25. Hydraulic conductivities were 80 and 50 ft/d (feet per day) for
wells FL and GPl, respectively. Aquifer-test data from previous
investigations are available at the Village of Kingsley and at the U.S. Coast
Guard Air Station, Traverse City. Analysis of the aquifer test conducted at
the Village of Kingsley for a public-supply well indicates transmissivity
ranges from about 3,000 to 3,800 ft®/d for the leaky confined sand and gravel
aquifer. Hydraulic conductivities determined for the aquifer range from 55 to
70 ft/d. Analysis of the aquifer test made at the U.S. Coast Guard Air
Station indicates that transmissivity ranges from 1,800 to 2,600 ft?/d for the
unconfined sand and gravel aquifer. Horizontal hydraulic conductivity
calculated from the transmissivity ranges from 100 to 150 ft/d. No aquifer
tests have been conducted in fine-grained deposits such as till or lacustrine
clay.

The velocity of horizontal ground-water flow depends on the hydraulic
gradient, the hydraulic conductivity, and the effective porosity of the
aquifer. Near well FL, the velocity of ground water is about 1 ft/d. At the
U.S. Coast Guard Air Station, velocities ranged from 3 to 6 ft/d because of
comparatively steep gradients, high hydraulic conductivities, and low
effective porosities. _

WATER QUALITY AND LAND USE

In Grand Traverse County, as in other parts of Michigan and the country,
the relation of land use to the chemical and physical characteristics of water
is not always evident. To investigate possible relations in Grand Traverse
County, current information on the chemical inputs to the hydrologic system,
particularly the nitrogen input, was considered essential. Data on fertilizer
applications, animal wastes, septic-tank discharges, and chemical composition
of precipitation were compiled as the first step in evaluating water quality.

Inventory of Land Use

The Michigan Department of Natural Resources' Division of Land Resource
Programs is responsible for implementing the Michigan Resource Inventory
Act of 1979. One requirement of the act is that a current-use inventory. of
each county be maintained. Land use or land cover is classified using 46
catagories, which are designed to identify existing use of every 2.5~ to 5.0-
acre area of land in the State. Land use or cover exceeding 4 percent of the
total area of Grand Traverse County include: northern hardwood forest land,
24.73 percent; cropland, 16.14 percent; mixed pine forest land, 14,63 percent;
herbaceous openland, 10.68 percent; orchards, 5.19 percent; single-family
duplex, 4.56 percent; and lowland hardwoods, 4.15 percent (Michigan Department
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" of Natural Resources, written commun., March 27, 1985). Table 4 lists land-
use data for Grand Traverse County by township. Although data tabulated in
table 4 are accurate indications of land classification, the actual area in a
township devoted to a given use may be substantially less than that falling
within a classification. In order to relate water quality to agricultural
use, and in order to provide a basis for estimating chemical inputs to the
hydrologic system, the Grand Traverse County Extension Service compiled
information on the amount of field and fruit crops grown in each township in
1988. These data are given in table 5.

Table 4.--Land-use data for Grand Traverse County

[mi?, square miles; percent, percentage of total area)

. C Cropland,
Township Residential, B::;;g?:gdé:::;ff' Transportation, opgg;gigﬁg,fgggéggent
or mobile home commercial, communications, pasture, other
city parks institutional Industrial utilities agricultural lands
mi' Percent mi' Percent mi’ Percent mi' Percent mi® Percent
Acme 1.65 6.75 Q.21 0.85 0.042 g.17 6.095 0.39 5.54 22.82
Blair . 1.80 4.99 .19 .53 L1l .30 .0l6 .04 7.12 19.74
Grant .61 1.69 .0094 .03 ; .00 .00 .00 .00 11.90 32.94
East Bay 3.54 8.30 .24 .56 .00 .00 .16 .37 3.97 9.32
Fife Lake .53 1.46 .084 .24 .00 .00 .00 .00 3.96 11.00
Garfield 3.22 11.49 .68 2.43 1.07 3.80 .081 .29 - 8.28 29.51
Green Lake 1.88 5.34 .41 1.17 .036 .10 .13 .36 1.67 4.75
Long Lake 2.42 6.80 .029 .08 . .00 .00 .00 .00 7.37 .20.72
Mayfleld .068 .19 ,014 .04 .004s .01 - .00 .00 18.17 50.10
Paradise .73 - 1.39 .086 .15 .00 .00 .11 .28 10.86 20.53
Peninsula 2,69 9.33 .033 W12 .041° .14 .00 .00 .22 .76
Union A1 .30 .00 .00 .00 .00 - .00 .00 17 .48
whitewater l 1.08 2.19 .046 .09 -.012 .02 .24 .49 3.32. 7.75.
Traverse City _i.as 35.7%y 1.27 15.79 -66 8.20 1.15 | 14.31 ) .13 1.62
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Table 4.--Land-use data for Grand Traverse County--Continued

Northern hardwood,

aspen/birch,
: : . lowland hardwood,
| pine, other upland ‘
[ Orchards, conifers, lowland Streams and
Township bush fruits, conifers, managed waterways,
or vineyards, Herbaceous christmas tree lakes, Other
city hortliculture area openland plantation reservoirs uses
I mi' Percent mi* Percent mi’ Percent mi’ Percent mi® Percent
I Acme 4.60 18.94 3.24 13.34 . 6.26 25.76 0.14 0.59 2.70 10.39
; Blair .55 1.52 6.95 19.29 17.00 47.16 .35 .97 1.97 5.46
i .
Grant .00 .00 3.36 9.28 18.33 50.54 .73 2.02 1.27 3.50
4 . ’ East Bay 1.11 2.61 4.41 10.34 23.82 55.85 2.50 5.86 2.90 6.79
Fife Lake .00 .00 2.00 5.55 26.03 72.32 1.24 3.43 2.16 6.00
g Garfield .94 3.35 4.40 15.67 . 5.34 19.03 1.03 3.69 3.01 10.74
Green Lake ) .030 .09 3.54 10.09 17.60 50.12 6.34 18.05 3.49 9.93
Long Lake .19 .53 4.21 11.83 13.65 38.36 5.83 16.38 1.88 5.30
Mayfield .00 .00 3.27 - 9.02 12.74 35.12 .15 .40 1.87 5.12
Paradise .12 .22 7.17 13.56 30.84 58.31 .058 .11 2.92 5.45
Peninsula 14.28 49.54 2.27 7.88 . 6.97 24.17 .88 3.06 1.44 5.00
Union .00 .00 1.55 4.29 32.25 . 89.32 .19 .54 1.83 5.07
whitewater : 3.33 6.74 4.89 9.91 30.91 62.62 .54 1.10 -4.49 9.09
Traverse City .0097 .12 .50 2.35 .57 7.10. .32 3.97 .55 10.83
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HYDROGEOLOGICAL STUDY
GRAY AND COMPANY'S
WILLIAMSBURG PLANT

A. INTRODUCTION

The purpose for this investigation is to determine
whether a proposed irrigation field, located near Gray and
Company's Williamsburg Plant, is technically feasible. 1In
order to evaluate the hydro-geological properties of the
subsurface soils at the proposed site, an exploration -
program consisting of: site topography, ground water
elevations, soil borings, installation of monitor wells, and
ground water samples have been taken. A major source of
aquifer information has also been derived from a pump test
taken at this site. The information from these tests and
measurements has been evaluated and used to determine
whether the site is appropriate for it's proposed use as an
irrigation field for maraschino cherry wastes.

Gray and Company is a maraschino processor with their
production facilities located in Hart, Michigan. Gray and
Company receives the bulk of it's cherries for processing
from the Grand Traverse area, and at the present time, has a
. number of receiving stations located in Grand Traverse '
County. At a receiving station for cherries used for
maraschino cherry production, the cherries are put into a
pit in the ground that is lined with an impervious liner and
submerged in-a brine solution. The cherries are then hauled
to the processing plant in tank trucks while suspended in
the brine solution. The present practice is to dispose of
all of the brine solution produced at the receiving stations
into the City of Hart's Municipal Wastewater Treatment
. Plant. This practice entails not only the transporting to-
Hart of the cherries that are submerged in the brine
solution, but also the brine remaining in the pits after all
of the cherries are removed is at the present time hauled to
and disposed of at the City's Treatment Facilities.

The City of Hart's Sewerage Treatment Facility was
designed and constructed to treat a combination of domestic
and industrial wastes from the Fruit and Vegestable
Industry. The growth of the Fruit and Vegetable Industry in
the City of Hart has been phenominal and the plant is
grossly overloaded. All of the industrial users of the
system have been given orders by the City to limit
wastewater flows and an order mandating maximum flows and
strengths from each industry has been issued by the City of
Hart. As a result of this overloading, the City of Hart's
treatment facility has discharged raw or partialy treated
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sewage to a stream adjacent to the treatment facility and

‘the plant has a serious odor problem.

Nordlund and Associates, Inc. conducted a study of
Gray's processing facility in Hart to determine what
measures could be taken to reduce flows and strengths at the
plant. Some of the conclusions of the study were that if
the hauling of the brine remaining in the storage pits in
Grank traverse County was eliminated, and if the excess
brine that is hauled in with the cherries and the first
flush from the leaching operation is captured and removed
from the City system; the flows would be reduced
approximately 1 percent but a 12 percent reduction in BOD
would be realized.

Additionally, the operation of the irrigation field
will allow future expansions at the Williamsburg Plant. This
would be beneficial to Gray and Company and provide :
additional jobs for the surrounding area.

B. PROPOSED SITE LOCATION

The Gray and Company Williamsburg Plant is located in
the Southeast 1/4 of Section 9, T28N, R9W, Whitewater
Township, Grand Traverse County, Michigan. The proposed
irrigation field is located adjacent to the existing plant
in Section 9. Please refer to Exhibits numbered 1,2 and 3
in the appendix and also the General Site Plan, located in
the back pocket, for more information.



C. CONCLUSION OF THE INVESTIGATION

The proposed irrigation field required is 4.5 acres in
size. The dimensions and the location of this field are
shown on the General Site Plan. The field should be
equipped with orbital sprinklers which will allow total
coverage of the site.

A grass forage crop consisiting of either clover or Red
Fescue is recommended. This crop is tolerant to chlorides
and may be periodically cut and marketed for resale in order
to recover some of the costs of the operation and remove
potential nutrient loadings from the irrigation field
through decaying vegetation.

. The four existing and two proposed monitoring wells
located around the perimeter of the proposed irrigation
field will be adequate to monitor the quality of the ground
water both upgradient and downgradient of the proposed site.

The impact of the additional irrigation will create an
artificial mound of water 2 feet high at the.center of the -
proposed site. It is felt that the height of this mound
will not be significant as the depth to ground water is
approximately 10 feet minimum.

Currently, other than Mr. Keith Hubbell's irrigation
well (Exhibit 8 - Well E), there does not exist any public
.. or private wells located downgradient of the proposed
.facility. It should be noted that this well, as well as the
other wells logged in Exhibit 8, are completed to an aquifer
that is located below a clay 1ayer, and not into the upper
aquifer to which the facility will discharge.

In conclusion, the proposed irrigation field will
alleviate wastewater disposal problems at Hart, Michigan,
will have no serious impacts the ground water, and will
allow the Gray and Company's Williamsburg Plant to expand.
When all of the impacts of installing this facility are
considered, it is obvious that the proposed irrigation field
will have a positive impact on both the env1ronment and
economy of the State of Michigan.
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D. RECOMMENDATION :

The proposed irrigation field will be operated by a
pump capable of providing a flow rate of 130 gallons per
minute at a static head of approximately 180 feet depending
on the sprinkler system pressure required. The pump must be
able to function in the corrosive brine waste water. The
sprinkling system should be designed to operate for eight
hours a day, five days a week, from May 1lst to October 3lst.
The sprinkling should occur between the hours of 8:00 a.m.
to 4:00 p.m. to allow maximum evaporation to occur. 1In
order to balance the hydraulic load, the system should be
run longer during dry periods and for shorter periods during

wet weather.

Ground cover on the irrigation field should consist of
Red Fescue, clover or other suitable vegetation. These are
plants which can tolerate moderately high concentrations of
salt. The plants should be periodically harvested which will
remove some of the B.0.D. and total hydraulic loading at the
site. Also, the sale of the harvest will allow the operators
to recover some of the costs of the irrigation field.

Presently two monitor wells are located downstream of
the proposed irrigation field, two wells are located
upstream of it, and an additional upstream and downstream
well is proposed. These six wells will provide adequate
background information and also monitor any possible

. contamination.

Additional work proposed as a result of this report
would be the purchase and installation of an irrigation
system consisting of:

a. 130 gpm pump and anc1lllary equipment
b. A wet well of sufficient size to allow a 10 to 1
dilution of the receiving waste. If a tanker of
6,000 gallons is being delivered for disposal, a
wet well of approximately 66,000 gallons is
required, which is approximatly one day of
irrigation at the above rates. A pit similar to
those utilized for marachino cherries could be
utilized for this wet well.
c. The instillation of a chloride meter and recorder,
- and a flow meter on the pump discharge line so that
proper flow data and loadings may be verified.
d. PVC or equal piping system which would be able to
- withstand the corrosiveness of the waste water.
e. Sprinkler system capable of providing total
coverage of the irrigation site..
f. Planting of Red Fescue or clover -ground cover, oOr
equal.
'g. Two additional observation wells

-
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E. CHLORIDE LOADING CAPACITY

The proposed irrigation field will be planted with a
moderately salt tolerant forage crop, such as Clover or Red
Fescue. This species can tolerate an electrical
conductivity between 3.0 to 6.0 mmho/cm. or the
corresponding chloride concentration of 1920 - 3840 ppm.

The elimination of the waste brine hauling and the
return of waste brine from the Hart Facility will generate

280,000 gallons per year with an estimated chloride

concentratlon of 4,000 ppm. The capture of the first leach
and hauling opertion will generate 432,000 gallons per year
with an estimated chloride concentration of 2,000 ppm. The
average concentration is therefore approximately 2,800 ppm.
As it is recommended that the chloride concentration of the
water, as applied, be limited to 250 ppm; it will be
necessary to dilute the brine solution to approximately 8
million gallons per year. It should be noted that the
dilution water does not necessarily need to be well water,
it may be process water, providing that the water is
sufficiently low in chlorides so that the 250 ppm
concentration is not exceeded and the waters contain no
substances that would be unsuitable for irrigation.

In addition, it is conservatively estimated that during
the 180 day irrigation season, a total of 12 inches of rain
will occur. This will create roughly 1.5 million gallonSof
rain on the proposed four and one half acre irrigation field
and reduce the estimated chloride load by 16 percent.
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F. ESTIMATED HEIGHT Of GROUND WATER:

The maximum height of the artificial mound resulting in
response to the irrigation rate at the Williamsburg proposed

irrigation site was calculated as follows:

hm - hi = 0.5 Wmt
15 sy [4W*]

where hi = initial height of water table above
aquiclude, in feet
hm = height of water table above aquiclude with

recharge, in feet

Wm = recharge rate, in gpd per unit area
(sg. ft.)= 8,000,000 + (180) + (43,560 x 4.5)
= 0.227

t = time after recharge starts, in days

S = specific yield of aquifer, fraction

bm = one-half width of recharge area, in feet

T = coefficient of transmissibility, in gpd/ft
am = one-half length of recharge area, in feet

The function W* is taken from Table 6.2 page 371 of
"Ground Water Resource Evaluation.”" It is necessary to
calculate am and Pm before table 6.2 may be used however.

1. 37(am)( S)3

am

Bm

1. 37(bm)(S)1
(Tt)

The system is rectangular in shape am = 210' bm = 235 feet

3
2

I~ .
am = (1.37)(210)]0.014
' 13,780 x 180 =0.022
) 1
- 12
Bm = (1.37)(235)|g.014
I3,780‘X_18UJ =0.024
‘This results in W* = .0050 (estimated)
hm - hi = 0.5 Wmt [4w*]
: 15 S

(0.5)(0.227)(180)(4)(.0050)
(15)(.014T

=1.95 feet or approx1mately 2 feet Rise in
water level



G. DATA PRESENTATION:

1. Method of Data Collection and Procedure:

Three inch monitor wells were installed by Technical
Drilling service. They also provided the soil borings for
these wells, labeled "A", "B" and "C". The driller used a
continuous flight 2 inch solid anger to install the wells
and obtain soil information. The soil boring logs are
included in the appendix as Exhibit Number 4.

The depth to the ground water level was determined
using an electronic water seeking probe. Elevations in the.
proposed irrigation field were set using a standard
surveyor's level and telescoping level rod.. Elevations used
are U.S.G.S. established as noted on the site plan. Water
samples were taken of the three observation wells and
analyzed by Aquatic Systems; the results of which is shown
in Exhibit Number 5.

Unfortunately, the well driller who installed the 4
inch production well and well "D" neglected to take soil
boring information. The production well was installed with a
submersible pump capable of pumping between 20-30 gallons
rer minute. A power supply for this well was provided by an
outlet on a nearby control panel and 200 feet of extension
chord.

During the pump tests flow information was provided by
-an orifice bucket, and the discharged water was removed from
the site with approximately 70 feet of 6 inch sewer pipe.
Once again, water levels were determined using the
electronic water seeklng probe. All of the pump test
1nformatlon is located in Exhibit Number 6.

2. Soil Borings:

When thls job was initially started, it was assumed
that the groundwater would flow Westerly or Northwesterly
toward Tobego Creek, located 1,800 feet West of the proposed.
site. However, instead of a groundwater gradiant Westerly,.
the results from the monitor well installation shows the
direction of the groundwater gradiant to be almost directly
North. When a profile of the known groundwater surfaces is
prlotted, (refer to Exhibit 7) the possibility of a perched
water table is strongly suggested.

There are no water supplies drawn from this perched
aquifer, other than irrigation water, and it is very
doubtful that this will ever occur. Therefore, it must be
assumed that the natural conditions of this aquifer makes it
a good receiving system for the irrigation field.

-7~



3. Discussion of Pump Test Results:

.The results of the pump test reveals interesting
information about the aquifer. First, the aquifer is
located in a medium to fine silty sand, which is layered
with several clayey and silty seams. The combination of
these two s0il conditions had a considerable effect on the
pump test.

The shape of the drawdown verses time curves for the
pump test revealed that the slow draining characteristic of
the so0il and the presence of the relatively impervous layer
affected the plots. The basic equation for aquifer
calculations assumes that the horizontal and vertical - -
permeability components must be equal. However, due to the
relatively impervious clay and silt seams, this conditions
does not exist. An explanation of how to best address this
situation has been included in this report as Exhibit Number
6. '

After the explanation discussed in Exhibit Number 6 is
applied to the graphs, a reasonable correspondence between
Wells "B" and "C" exists. This allows the calculation of
the storativity coefficient and transmisivity of 0.014 and
13,780 gallons per day per foot respectively.
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AS|, ENVIRONMENTAL TECHNOLOGIES

1100 Conrad Industrial Drive * P.O. Box 649 e Ludington, M/ 49431  Phone (616) 845-0371

July 29, 1988

nyG 4 1988

Nordland & Associates
813 E. Ludington Avenue
Ludington, MI 49431
Attn: Mr. Jim Nordland

Dear Mr. Nordland:

Please find enclosed your analytical results for your water
sample. Analysis was performed in accordance with the methods
in the "Federal Register", Vol. 49, No. 209, Friday, October
26, 1984, "U.S. EPA Methods for Chemical Analysis of Water and
Wastes", (EPA-600/4-79-020) March, 1983, "Standard Methods for
the Analysis of Water and Wastewater", 16th Edition, or "Test
Methods for Evaluating Solid Wastes", U.S. EPA, September,
1986.

ASI REF. NO.: 81232

If you have any questions concerning these results, please do
not hesitate to contact our laboratory &t (616) 845-0371.
Sincerely,

ASI, Analytical Serviceé Division

Doug Conran
Lab Director

tim
Enclosure
Saginaw Branch Holland Branch Chicago Branch .
. P.O. Box 2426 - P.O. Box 2068 ] 772 W?sr Algopql_lln .
Saginaw, Michigan 48605 Holland, Michigan 49422 Arlington Heights, lllinois 6000%
(517) 792-0230 (616) 399-5255 (312) 364-7571

EX ) Bs JZ
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4 1988

Page 1 of 1
ANALYTICAL SERVICES
PROJECT: Gray & Company DATE SAMPLED: 07/01/88
ASI REF. NO.: Bl1232 ' DATE RECEIVED: 07/06/88
SAMPLED BY: Nordland & Associates DATE FINISHED: 07/28/88
DESCRIPTION: Water Sample REPORT DATE: 08/01/8B
ANALYST: DS, MD, DD, IS
ASYI SAMPLE I.D.: 4388 4389 4390
CLIENT SAMPLE I.D.: A 81-4 B 81-4 C Bl-4
CALCIUM, mg/L .vucveeieennnn 42 e i 3 ... .00 40
IRON, mg/L ....ceiieenenennn 25 i, 14 .......... 5.8
MAGNESTIUM, mg/L ...ceeieeeunn 12.5 .......... 23.4 ........ 19.1
POTASSIUM, mg/L ............ 8.32 .......... 5.68 ........ 1.92
SODIUM, mg/L ..t eenenens 2.44 .......... 2.36 .. 2.14
BICARBONATE, mg Equiv.
CaCO3/L vttt ineanenns 138 ........... 138 ... ... 147
CARBONATE, mg Equiv.
CaCo3/L ...itirrieneennnns K10 . oiiiiiian <10 ......... <10
CONDUCTIVITY @ 25C
UBhOS/CM .ottt e e v neennnn 303 ... 249 ......... 334
CHLORIDE, Mg/L +vvvvuvnnnen. 0.2 vovnnnnnn. S T <1
FLOURIDE, mg/L ....ccveeu... 0.062 ......... 0.217 ....... 0.187%7
HARDNESS, mg CaCO03/L ....... 162 ........... 131 ......... 192
AMMONTIA-N, mg/L ............ 0.12 .......... 0.13 ........ 0.13
NITRATE-N, mg/L ...v0eeveun. 2.6 it 0.28 ........ 0.56
NITRITE-N, mg/L .....ccue... 0.023 ....... 0.016 ....... 0.006
TOTAL PHOSPHORUS, mg/L ..... 0.185 ......... 0.581 ....... 0.075
SULFATE, mg/L .......veuo.. 12 ... i i, 10 ...(ix e
| Dﬂ“;’ .
Doug Conran
"Lab Director
N e et b e i e am et e e e e i e e e e et s e i e - ASI
F =5 1) e5 s -
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EXHIBIT 6

On September 2, 1988, a pumping test was conducted at
the Williamsburg Plant to determine agquifer constants to be
utilized in the groundwater mounding calculations. The pump
was operated to produce a constant flow of 21.4 gallons per
minute.

There are problems associated with direct
interpretation of the data as the aquifer is not uniform in
character and the hydraulic conductivity is not the same in
all directions. The type of curve plotted for the pumped
well is called a slow drainage curve and is typical of an
aquifer with layers of various permeabilities. With the
exception of residual drawdown is Well C, the drawdown,
recovery and residual drawdown curves were plotted for all _
three wells., The slope of the drawdown curve varied wildly
from 0.056 feet to 2.7 feet. After analysis of the plots,
the results for Observation Well B were chosen as being most
representative for the following reasons:

The measurements in Well C are too small to make
accurate predictions. Changes in atmospheric pressure
and minor errors in reading of the water level
measurements or leveling can greatly influence the
results.

The pumped well has considerable turbulence due to
" the pumping activity and the measurements can be
affected by this phenomenon, plus the pumped well is
sensitive to small changes in pump output.

Finally, the slope of the curves was most constant
. for all three data plots for Well B

Utilizing a slope of 0.41 from and an intercept of 4.5
minutes from the drawdown curve, the following data can be
calculated. '

T = 264 x 21.4 = 13,780 ggﬂ per foot
: 0.41 :
S =0.3 x 13,780 x 4.5 = 0.014

30.42 (1440)

It should be noted that the t/t' intercept at zero
drawdown on Well B's residual drawdown plot is large, which
is indicative of recharge to the aquifer. Vertical
nonuniformity in an aquifer is similar to vertical
infiltration into the aquifer and will give a similar
dislocation to this curve.



PUMP TEST RESULTS - GRAY & CO. - WILLIAMSBURG, MICIH.

DRAWDOWN 9-2-88
PUMPED WELL
ACTUAL DEPTH TO ELAPSED "DRAWDOWN
TIME WATER TIME
! 11 :11 .00 ! 25.50 ! 1.00 MINUTES ' 10.85 '
' 11 :14 9 ' 26.65 ' 4.15 MINUTES ! 12 '
: 11 :17 .18 ' 26.78 ! 7.30 MINUTES ' 12.13 ;
: 11 :21 .41 ' 26.93 ' 11.68 MINUTES ' 12.28 :
: 11 :25 . 9 : 26.93 ' 15.15 MINUTES ' 12.28 !
' 11 :30 .27 ' 27.00 ' 20.45 MINUTES ' 12.35 '
' 11 :38 .42 ! 27.17 ' 28.70 MINUTES ' 12.52 '
' 11 :51 .16 ' 27.33 ' 41.27 MINUTES . ' 12.68 '
' 11 :58 .32 ! 27.33 ' 48.53 MINUTES : 12.68 !
] 12 7 .11 H 27.42 ' 57.18 MINUTES ! 12.77 :
! 12 :18 .37 ! 27.46 ' 68.62 MINUTES . 12.81 !
' 12 :30 .59 ' 27.58. ! 80.98 MINUTES ' 12.93 :
' 12 :45 .53 ! 27.63 ' 95.88 MINUTES : 12.98 '
' 12 :57 .39 ' 27.73 ' 107.65 MINUTES : 13.08 :
' 13 :32 .28 ' 27.88 ' 142.47 MINUTES ' 13.23 !
: 14 : 1 .52 ' 27:95 ' 171.87 MINUTES ' 13.3 !
' 14 :54 .25 ' 28.13 ! 224.42 MINUTES ! 13.48 !
: 16 : 4 .32 ' 28.44 ! 294.53 MINUTES ' 13.79 '
' 16 :57 . 2 ' 28.54 ! 347.03 MINUTES ' 13.89 :
' 18 : 0 .27 ' 28.73 ' 410.45 MINUTES ! 14.08 !
: 18 :57 .26 ' 28.81 ! 467.43 MINUTES : 14.18 !
$ t t 1 ]

Expysor



A PUMP TEST RESULTS - GRAY & CO. - WILLIAMSBURG, MICH.

DRAWDOWN _
WELL B ' ' _ 9-2-8K
ACTUAL DEPTH TO ELAPSED DRAWDOWN
TIME WATER TIME :

' 11 :15 .56 ' 14.11 ' 5.93 MINUTES ! 0.05 !
! 11 :23 9 ' 14.25 ' 13.15 MINUTES ! .19 !
' 11 :28 .21 H 14.56 ' 18.35 MINUTES ! 0.5 !
' 11 :36 .25 ' 14.57 ! 26.42 MINUTES ! 0.51
' 11 :52 .19 : 14.63 ' 42,32 MINUTES ' 0.57 !
' 12 : 1 51 ' 14.67 ' 51.85 MINUTES ! 0.61 !
! 12 : 9 .50 ! 14.70 ' 59.83 MINUTES ' 0.64 '
' 12 :21 34 ' 14.71 ! 71.57 MINUTES ! 0.65 !
' 12 34 .35 . 14.72 ' 84.58 MINUTES ' 0.66 '
' 12 :48 .39 ' 14.75 H 98.65 MINUTES ' 0.69 '
' 13 1 .46 ' 14.75 ' 111.77 MINUTES ! 0.69 !
! 13 :35 .19 ; 14.786 ' 145,32 MINUTES ' 0.7 '
' 14 5 .50 ' 14.79 ' 175.83 MINUTES. ' 0.73 '
' 14 :58 .30 ! 14.79 ! 228.50 MINUTES ! 0.73 :
' 16 6 .19 ' 14.82 ' 296.32 MINUTES ' 0.76 !
' 16 :59 .00 ' 14.84 ' 349.00 MINUTES ' 0.78 !
' 18 : .3 .35 ' 14.87 ! 413.58 MINUTES ' 0.81 !
' 19 : 0 .52 ' 14.88 ! ' 0.82 !

470,87 MINUTES

. Fv M2 i V4



PUMP TEST RESULTS - GRAY & CO. ~ WILLIAMSBURG. MICH.

DRAWDOWN - 9-2-88
WELL C ' ' _
ACTUAL DEPTH TO ELAPSED DRAWDOWN
TIME WATER TIME
11 :13 .29 17.10 ~ 3.48 MINUTES -0.09
11 :20. . 9 17.10 10.24 MINUTES -0.09
11 :26 .37 17.20 16.99 MINUTES 0.01
11 :31 .56 17.25 21.93 MINUTES 0.06
11 :40 .00 17.16 30.00 MINUTES -0.03
11 :49 .38 17.16 39.63 MINUTES -0.03
12 0 8 17.16 50,13 MINUTES -0.03
12 8 .27 17.22 58.45 MINUTES 0.03
12 :20 .15 17.18 70.25 MINUTES ~-0.01

12 :47 .12 17.20 97.20 MINUTES 0.01
12 :59 .37 17.22 109.62 MINUTES 0.03
13 :34 2 17.27 144.03 MINUTES - 0.08
14 : 3 .52 17.26 173.87 MINUTES 0.07
14 :56 .23 17.25 226.40 MINUTES 0.06
16 9 .1 17.27 299.02 MINUTES 0.08
17 0 .59 17.29 '350.98 MTNUTES 0.1
18 2 . 8 17.31 412.13 MINUTES 0.12
18 :59 . 9 17.33 469.15 MINUTES 0.11%

] 1 ] 1 []
| ] [} ] 1
' ] ] 1 !
E E E E :
! ! ! ! !
l ' : ' !
' ' ' ' ‘
] ] ] 1 [}
: 12 :32 .54 ' 17.27 ' 82.90 MINUTES T 0.08 :
] | ] ' ]
s ; ; | :
| t ! [} 1

e U



REBOUND

PUMPED WELL

PUMP TEST RESULTS - GRAY . & CO. —'W[LLTAMSBUﬁG, MTCH.

DEPTH TO
WATER

EL

APSED
TIME

9-2-88

RESIDUAL
DREAWDOWN

ACTUAL
TIME
19 ¢ 6 -.45
19 ¢+ 7 .58
19 :10 .37
19 :13 .14
19 :17 . 9
19 :19 .56
19 25 . O
19 :30 . O
19 :35 .10
19 :40 . O
19 :50 . 0
20 : 0 .0
20 :10 .33
20 :25 .0
20 :39 .20

MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
- MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
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o PUMP TEST RESULTS - GRAY & CO. - WILLIAMSBURG. MICH.

REBOUND
WELL "B"
RESIDUAL
ACTUAL DEPTH TO . ELAPSED DRAWDOWN
TIME _ WATER TIME
' 19 : 7 .17 ' 14.58 ' 2.28 MINUTES : 0.52 !
' 19 : 9 .41 ! 14.40 ' 4.68 MINUTES ! 0.34 '
! 19 12 . 1 : 14.30 ' 7.02 MINUTES ' 0.24 !
! 19 :15 .51 ! 14.22 ' 10.85 MINUTES ! 0.16 !
' 19 :25 .41 ' 14.15 ' . 20.68 MINUTES ' 0.09 '
' 19 :30 .26 ' 14.10 ' 25.43 MINUTES ' 0.04 '
' 19 :35 .41 ! 14.10 ! 30.68 MINUTES ! 0.04 !
' 19 :40 .37 ! 14.07 ! 35.62 MINUTES ! 0.01 '
' 19 :50 .49 ' 14.07 ! 45.82 MINUTES ' 0.061 !
' 20 : 0 .29 ! 14.06 H 55.48 MINUTES ! 0 '
! 20 :11 .18 H 14.05 ! 66.30 MINUTES ' -0.01
! 20 :25 .39 ' 14.03 ' 80.65 MINUTES ' -0.03
' 20 :40 .10 H 14.04 ' 95.17 MINUTES ' -0.02
H 21 :11..,13 ' 14.04 ' 126.22 MINUTES ' -0.02 :

=it V7



PUMP TEST RESULTS - GRAY & CO. -~ th_.l.TAb'iﬂBllRG. MICH.

REBOUND
WELL "C" RESTDUAL
ACTUAL : DEPTH TO ELAPSED DRAWDOWN
TIME ' WATER TIME
' 19 : 8 .51 H 17.33 ' 3.85 MINUTES ' 0.14 '
' 19 :11 .24 H 17.31 H 6.40 MINUTES ! 0.12 '
' 19 :14 .11 ' 17.32 ' 9.18 MINUTES : 0,12 '
' 19 :18 .52 ' 17.31 ' 13.87 MINUTES ! 0.12 !
' 19 :27 . 2 ' 17.31 ' 22.03 MINUTES ' 0,12 '
' 19 :31 .55 ' 17.31 ' 26.92 MINUTES ' 0.12 !
' 19 :37 .34 ' 17.31 ' 32.57 MINUTES ! 0.12 '
! 19 :42 .15 ' 17,31 ! 37.25 MINUTES : 0.12 !
! 19 :52 .14 ' 17.29 ' 47.23 MINUTES ' 0.1 '
' 20 :+ 1 .57 ' 17.29 ' 56.95 MINUTES ' 01 '
! 20 :13 .14 : 17.29 ! 65.23 MINUTES ' 0.1 '
! 20 :27 .15 ' 17.26 ' 82.25 MINUTES ' 0.07 '
! 20 :42 .10 ! 17.26 ' 97.17 MINUTES ! 0.07 '
' 21 : 7 .39 ' 17.27 ' 122.65 MINUTES ' 0,08 '

farns 221 2w J"—W



46 5493

KeE SEMI-LOGARITHMIC .3 CYCLES X 70 DIVISIONS'
KEUFFEL & ESSER CO. mADL I)I USA .

—/

Time (mmutes) 0.0

0.

A
:20;

t=f dmtm -4} 1

_4

A
L
N,
r P
3 y
Py
=+ T — -
: = =+ 3 = 7 ¥ — = =
—t . : & “ = +
= S 3 > m = ¥
— =t =% T T t =
T Tt ot = 1 1~ 1
5 = ya
I e \Y : romn
= -
+ T | Y v r lIT.\
: 1 ™
: 7
r 7
1tAY
5
T o X
'S .
X X X
X x T
X
1
~T—1F
X1+ ya ‘e
XI7
X
X
L% ALY
1\
J]
]
'8
¥
A N
)
N
V4
N
A N {
ran N I
— N 1] B
rAN ~
N .
/ AN N
. K 9 N
N ] 1
AN hN I
K N
.
r/ N x“’
~N /
g == = ST + T -
- = X > == < T
> . X - T = T —
8. T s = 3 ¥ 1 T —
X, _— -
F= t = SNy :
7 1 1 — T
S ke : . -
o T St - 1 T
¥ R " it . A §
6.1z B =t = i A=
— H n < n I
romet I} N = 1 P -
1 A N "y : 1 1 s S
5 i AN AN ~ . + !
- . (N L X AN 1 - uS
X T T -
S N T — :
b. = Y = N — T o s ol
- - ST xS - —F r—
} xt T ¥ 7
a1 :
.1 . S, .
— T +
T + T .
S S . I T - -
—— d i i 8 -
3_t=— — X ,. i
! . < 1 .
- 1
I
A 1
- N N P et
N - N
. N
N -1
Nl A A
N N
AN N - =1
N N -
>
N N N
. N
A\ b N\
N
l/ N
N

b Aas - . .

Q0

j&r

Kb

\V

PN



= = E===
A
Vi
1 A
B,
N
7Y
A
\ N
. A
¥ Ly - n
-
q ;

9. S
DN 3 <
IR\ 7\ WO n|
SNy :

"0 .. -

S N

g% 2 :

o S ]

N S, T

CERFC 7

..0s ]

ETIY 5

3m. LT

- x° .

wo. .-

.WF s

=

..mm... .

A .

BN ..

.93 m ”,

SO
. Mw /
bt _/
r]
X : _ 3 = 7
3 —t f 5 A.
— ey = oG et
. t § g ) : I
i 11 T piiy o -
1 v L » L) -
V —t o o oo e o T i
1 15
1 1 N y | L.r
1 - fw_l. L S
= . . e oo o SR s
. i d
1 —t— }
Py :
) &
Y
| . _ ]
: ! / BN
[ t
/ Hl | ~ . M) i \ 1 ]

0 N B S <

% N ~
(L) AZFTnoTF~ AFLLr7 07767 L,



K& SEMI.LOGARITHMIC o 3 CYELES %

KEUFFEL & ESSER CO, MADEIN.USA: -:

=F
4>
[ & 1
1
LY
N | WA Y ﬁ -
o + —
W n 4
B - L
h
X
N \
1
- N
L
A NI T . A
Sh N w :
: v
"-.[ A i \\ _
™ -t
I
7
'y
|
L
o
1T
=
T 1
A §
!
— =Y
3
]
I
T
3
1
3= ==
T T L T
1 - + el
—r—t b . ]
T T T
T 1 T il h
+ ot T :
1 = p p ——
i 1 T
T - ) T
. H 4.
1 s K]
1 i
i R I A AP §
; SN USRI S0
[P A e T
2
e T
T
10 R I O B
_ 1. 1b.L
1 ! L

0,4 -

0.8,

N

-~

3
-~

LA 2 AN LSNP

Q

.
> LA Q\n..M >/




SEMI-LOGARITHMIC ¢ 3 CYCLES X 70 DIVISIONS

v T ;
- 15
[ SRR S B iy ey g
(e ST 4I’\M\.H bt — - n : oy g
ot e ik pO i N = e =
A t . + + T
e e : e ——
H i T T T = T ¥
=i 3 P : T A !
I I T F 1 T _\. 4m (1 I
R . 1 . [ B - N 1 > -l
‘Tlrlyl S TI.. ] PRI Ty I IR g
- ey AV . .
L.t L | : : L U ) I
L T LA NN IWH_..L«;_I L
ST Y 7 HEN v i
T 2 I - T
o /
Pers A N
.ot r L Y
un <
O N N
1 !
<t W\ bl e T - L - N
9 E: = == X} e == :
- 3 - - " 2 X T I -
t F—— 3 7 X o > . T
=} : } v X ¥ T T
8 o P Do W S : z 3 ! =S T
_—— T 1=t X = T Y ¥
et T T = 4=t— oI + : + T
- ry - 1 1 b 4 A% ¥ .4 T -+ —1 1 - s X | v u 1.
7__ J»F : = e e e = @ T T T T :
Y T —= =+ e L&/ 1 t 1= T
m b . ) - “\ P AN N m + n : Au \mr
- “ —~ £ AN -
P X
AY 1
< |
5_. 1
N =
7 = = -
e = - ~ -
4 I 1 A S
—-— - X X 1
7 1
7 - N f v
\/ (S 13
s AW A 1
- - X t
£ 1
- Y s
-
A N A N, il
y 4 R TN X N =+
Ay r/ AN
2_. FAN :
A
Z N
AN N K -
v N N
: \ Ly T
3 N
s A)
z- < ~
g M 7
§ S1--
o T =
] = = —— T
[ . . T I T 1 T
4] : = e e =
- T 4=
4 : T o =
= : - . T i
m T —1 = o t T g iy Vool
™ $ -1 L - n Y — ;_\.F Tt b=ie
S L : I - : -
w : re| byt a1 rug : I
x r I ‘ 1 1 —t T s P : 1
- : h 4 It = 1 —= 7ot i
W > =< — = s
o Y . - lﬂ! | apme
84 pr3ES Hey : e
- ! + et 3 —T >
5 1 T o & iy ] t— = :
e s |@ﬂ Wy - l T — :
i =Y 230t 4 = L Ty P A o e 5 vy
L * C g B i { ok § &8 et £ T TSR -
3. E=bs SRS =y
= = T —
l. l.*l. T Q T u_J 1 — 4.
= o - S o 171
N ] “f{— - = 1 +- 1=t =+ 1
DLBOS N 1 VU M O O P T R A O Ayt s T WA O o iy OV T ) £ -
/l P v H T T .
2 - [ PR T 4 —_r -t
v o i -
1 N ——
t H o 1 -
! 1
~ 1 T 1
: : i L
t
: HEl 4
! s N
1] -
-
R ]

l
0
{
1

3

T W S = @ & g

. --
L

O dSm ) i s aP mn B2~



#10+ .- . : —

. 9 __E : E x =
= !
8_.- X =1
T
7.1 - =
= o]
|
}
4E = ==
- X 1“ dJﬂ
R i -
3 - Y [ N Iy
1 I X O
. .P Vg N ‘- —
o o
. { o I -
2.___ ! B N | h) v T
] N A P ) -t
L A 4 ! i o
N 4 1 e
1 } ﬂﬁll
RN i
% N 1 i
o< i o i “
_.rN _ \\ T
2 R [0 ] !
. WII s nL T = \M ==
8. Fecbrbet = =S =5
= - = == et
-~ Nlll — + £ -1 nl..n!
Eandi & = 11 .
m = — - } T3
: =
5 3 va b
g T = e
4._
— = " = o inpar sl
LS 1
T I ! :

w
1
t
1
R
i
N
N
!
4

FFEL & ESSER CO. MADE IN US.A

SEMI-LOGARITHMIC « 3 CYCLES X 70 DIVISIONS

A=tey-

bmbog mief +

I

...|.__' -




.s
Zz
o
a

2
o
R
x
a2
-4
1%
>

..c
=

-
L
b3
X
E
|: 4
g
V]

'O
-4
2
b3
w
w

<
4
s
£
o
a
=
H
<]
v
x
u
m
L]
4
[
b
2
u
X

|24

W

46 5493

-
f-
1

[ A N 0w
)

i)
11}

HiH

j-1t 1,

g

LHS = 144

H-H HH

N

N

-+

PEARY

ARNRNE

o TS

-
oy P Mt P e o 8~

/.2

P e N PP




46 5493
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NORDLUND & ASSOCIATES, INC.

CONSULTING ENGINEERS AND SURVEYORS
813 E. LUDINGTON AVENUE / LUDINGTON. MICHIGAN 49431
TELEPHONE (616) 843-3485°

STAFF ENGINEERS
James T. Nordlund, Jr.

PRINCIPALS -
James T. Nordlund, Sr., P.E., R.L.S. December 8 , 1989
Richard L. Hays, R.L.S. ' _
Re: Hydrogeological Study - .
" Gray & Company
Williamsburg
File: 81-4

Mr. Douglas D. Thompson
Hydrogeological Review Unit:
Groundwater Section :
Department of Natural Resources
Stevens T. Mason Bulldlng

P. O. Box 30028

Lansing, Michigan 48909

Dear Mr. Thompson:

Three additional wells and one soil boring have been completed at
the proposed irrigation field of Gray & Company in Williamsburg.
Enclosed are well logs and an expanded irrigation field
hydrogeological layout sheet showing this additional information.

Upon examination of the data, it can be seen that this additional
information has further reinforced the fact that a complex
geological formation is present under the site. I have plotted

+ the direction of groundwater flow under the southerly two fields
as South 4° East, using Wells F, G and H, while the direction of
groundwater flow under the North field is almost due North. Well
E and Boring 3 indicated clay formations, while Well F, which is
approximately equidistant from Well E and Boring 3 was, with the
exception of clay seams at 20 feet, completed in a granular
formation. Well H was completed through a series of sand/clay
lenses with the well screen placed in what appeared to be the
most productive acquifer. This acquifer is artesian with
approximately 10 foot of positive head on the top of the

acquifer.

All of this information indicates a subsurface drainage system
comprised of various interbeded acquifers, the hydraulic
connection of which is unknown. The southerly direction of
ground water flow under fields 2 and 3 does not appear to be a
regional trend when the topography of the surrounding area is
examined; as Elk Lake, Tobeco Creek, and Williamsburg Creek flow

Northerly.

When the well locations are examined, Well G, which was completed
entirely in a sand and gravel formation, is strategically placed
to sample ground water flow from irrigated wells to the North;



Mr. Douglas D. Thompson
December 8, 1989
Page Two

while Wells B and D, which were completed to an acquifier under a
sandy clay layer, are strategically placed to sample irrigated
water flowing from the South. Any lateral spreading of ground
water flow will be sampled in the other wells. I believe that
the requirement for the establishment of an effective ground
water monitoring system has been established.

The proposed effluent quality is as follows:*

Chloride : 250 ppm
B.0.D. 4,400 ppm
Suspended Solids o _ 20 ppm
Sulfates as SOy 340 ppm
pPH 6.5
Phosphores 6 ppm

*Values given are with estimated dilution required to
maintain a chloride concentration of 250 mg per liter.
See original report.

I trust that this concludes the submittal of information required
to render a decision on Gray & Company's application for a ground
water discharge permit.

If you have any question, please do not hesitate to call.
Very Truiy Yours,
NORDLUND AND ASSOCIATES INC.

/ L oecor T 7227
ames T.

Nordlund P.E.

JTN/ne
Encl.
cc: Jim Jensen



WEST MICHIGAN TESTING, INC. g,

SOTL. BOR

ING LOG

Project:GRAY & CO.-WILLIAMSBLURG Client: GRAY AND (O,

Driller: CAMERON RROS.

Inspector :_{jM DILLINGHAM

Top of boring elevation:

Datum:

Sheet § | of 2
Date Start:i0-{y-g
Date Finish:)0-i7$

Ground Water: APPKOK.IQ‘DEPTH Casing: Sample: Core: Tube:
Date { Time Depth Casing | Type | SO-ID4STEM AMGER GO|RING
o w | BLOWS ON |
Ep %% g | SampLe 8 |
L S
©“182 (22| % |5|  IDENTIFICATION REMARKS
1 _
2 : _
3 —" SAND (Swm), Fine ToO
4 = MEDIMM  SILTY , CLAYEY
‘ BROWN /MOIST
5 S-1 K
6 '
7 3
8 .
9 - q FT.
10 S-Z =
11 a
12 -
13 - _
14 | CLAY (CL),siLTy,
» SOME FINE TO COARSE
15 S-3 | SAND, TRACE GRAVEL,
BROWN , MOIST
16 -
17 -
| ' 1-|— \'4 12-2-89
18 L= Wi @ DRICLING (EST.)
19 — -
20 S-H —

CONT, NEXT FPAGE



WEST MICHIGAN TESTING,

SOTL BORING LOG

TNC- Ve, 4

Project:GRAY & CC. - WILLIAMSBURG Client: GRAY AND CO

Driller: CAMERDN EBRDS.

Sheet # 2. of 2
Date Start:j6-17-89

Inspector: i PILLINGHAM

Top of boring elevation: Datum: Date Finish:jg-nN-§
Ground Water: APPROX. |€' DEPTH Casing: ‘Sample: Core: Tube:
Date | Time | Depth | Casing | Type SOLIDTSTEM  AWGER BRORING

o w BLOWS ON | _
Ep %% T | SAMPLE 2 |
wl- S
U183 [ 32| oo% |5|  IDENTIFICATION REMARKS
21 4 CLAY (¢, siTy, some
— FINE TO C(OARSE SAND,
22 - GRAYISH - RROWN, MOIST
23 — 23 FT.
s - MEDILM ,SILTY ,CLAYEY,
17 GRAYISH -BR., SATLURATEOD
26 — : 26 FT.
. T CLAY (LS, siury,
— GRAYISH - BROWN,; MOIST
78 = 28 FT.
Z9
30 i
- Lo
3t | : SAND (SP),FINE TO Liﬁiiii—
32 \ MEDIMM, TRACE COARSE ¢ SsTick-ue.
SAND, TRACE QRAVEL, 3% PIPE
33 ;! BROW N, SATHRATED 3 SCREEN
E (ToP OF SCREEN
34 :;E AT 3u')
35 =
CE| 3! sceeeN
36 =
37}—5-5 v : ' 37 FT.
- ' =1 CLAY (CL),SiLTY , BROWN
38 BOTTCcm OF BORING @|37/2 FT.
39
- 40




WEST MICHIGAN TESTING, INC. wWhess F
SOII. BORING LOG .
Project:GRAY § CO. ~WIiLLIAMSBYRG Client: GRAY AND €D, Sheet # | of 3

Driller: CAMERCN BRO0S,
Top of boring elevation:

Inspector:UiM DL L(NGHAY

Datum:

Date Start: jo-13-€¢
Date Finish: )p-n-g¢

Ground Water: APPROX. 39 DEPTH

Casing:

Sample:

Core:

Tube:

Date

Time

Depth

Casing

Type

SOLIDTSTEM Al

(QER BO P\(N(q

DEPTH

FT.
CASING

BLOWS

SAMPLE
"NO

BLOWS ON
SAMPLE
SPOON
PER 6"

SYMBOL

REMARKS

10
11
12
13
14
15
16
17
18
19
20

. .
o

s-4

.. il..

IDENTIFICATION

MOIST

GRAVELLY

SAND (SM), Fine To
MEDIUM , TRACE COARSE
SAND, TRACE GRAVEL,
SILTY , CLAYEY,

SEAMS OF CLAY

BF%ovvot

CONT, N

ExtT PAGE




VVIBE;ﬂEl MICHIGAN TESTING,

jEFiF:"llwéfzz.fr

SOTIL. BORING LOG

Project: GRAY & Cd. —WILLIAMS BHRE Client: GRAY AND CO,
-Inspector: )M DILLINGHAM

Driller: CAMERON BROS.
Top of boring elevation:

Datum:

Sheet # 2. of 3
Date Start:[o0-17-3¢
Date Finish:(0-(7§

Ground Water: APPROX.

39'pEPTH

Casing:

Sample:

Core:

Tube:

Date

Time

Dépth

Casing

Type

SOLIDA

FSTEM A

GER R0

RING

DEPTH
FT.
CASING
BLOWS

SAMPLE
NO

BLOWS ON
SAMPLE
SPOON
PER 6~

“-| SYMBOL

IDENTIFICATION

REMARKS

21

23

S-S

24
25

S-6

26

27

28

29

$-7

30

31

32

33
34

S-8

35

36
a7

-1

38

ot \VJ

39

50

S-9

Wi e DRIILING (‘FST')
(2-4-89

SAND (SP-3SM), FINE
TO MEDIUM, SILTY , BRoWN
’ MOIST (wWiTH SEAMS

OF CLAY)

v

CONT., NEXT PAGE .




WEST MICHIGAN TESTING, INC. Wess F

SOTIIL. BORING LOG

Project: GRAY g CO. -WiLLIAMSBHRG Client: GRAY AND CO.
Inspector: \)M DILLINGHAM

Driller: CAMERON BROS,
Top of boring elevation:

Datum:

Sheet # 3 of 3
Date Start: jo—+4y-3¢<
Date Finish:jo-1)-§

Ground Water: APPRO%.33' DEPTH

Casing:

Sample:

Core: Tube:

Date

Time

Depth

Casing

Type SOLAD-

FSTEM AUBER BORING

DEPTH
FT
CASING
BLOWS

SAMPLE
NO.

BLOWS ON
SAMPLE
SPOON
PER 6"

REMARKS

Hl

H2

43

H4

S-jo

45
H6

S-4

"-| SYMBOL

3l

MR IEIANANRL

IDENTIFICATION

SAND (SP), FINE TO
MEDILM , BROWN,
SATURATED

SCREEN

H7

-1 CLAY(CL),siTy, BROWN

H8

49

50
51

52

53
54

55

56

L7

58

59

60

BOTTOM OF BORINGE

3L FT.

47 FT.

WELL F
2' sTicw -up
ys' pPIPE
3' SCREEN
(ToP OF SCREEN
AT 43')




WEST MICHIGAN TESTING, INC.|/,, 4

SOTTI. BORING LOG

Project: GRAY & €O ~WiILLIAMSBYRG Client: GRAY AND ¢(O. | Sheet § 4 of 3
Driller: CAMERON BROS. Inspector: M DiLLiNGHAM| Date Start:}o-17-§
Top of boring elevation: Datum: Date Finish:)o-(v§

Ground Water: APPROX. S0 DERH Casing: Sample: Core: Tube:

Date | Time | Depth | Casing | Type - SOLID}STEM AXGER SORING

BLOWS ON

.| SAMPLE

S | sPOON
PER 6"

DEPTH
FT
CASING
BLOWS
SAMPLE

IDENTIFICATION REMARKS

- | SYMBOL

".

_ SAND (SM), FINE TO
6 - —' .| MEDMM , TRACE GRAVEL,
SILTY , CLAYEY , BROWN,
4-. MOIST

10 S-2 '

11— —

12} : 2

14 =
15 S-3 -

16 =

17

18

19
20 S-H ¢}

CONT. NEXT PAGE



WEST MICHIGAN TESTING, INC. Were &

SOTTI. BORING LOG

Project: GRAY 8§ CO.~WILLIAMSBUAG Client: GRAY AND CO.
_ Inspector:.J{ijM DILLINGHAM

Driller: CAMERON BROS.
Top of boring elevation:

Datum:

Sheet § 2 of 3
Date Start:)c->-89
Date Finish:)o-1»§¢

Ground Water: APPROX,S0' DESTH

Casing:

Sample:

Core:

Tube:

Date

Time

Depth

Casing

Type

SOoLID

-STEM ALGER B0

RANG

DEPTH
FT.
CASING
BLOWS

SAMPLE
NO

BLOWS ON
SAMPLE
SPOON
PER 6"

REMARKS

el

22

23

24

25

26

27

28

A

30
31

S-6

32

23

34

.35
36

37
38

39

40

" -} SYMBOL

IDENTIFICATION

T GRAVELLY

GRAVELLY

ol SAND (SP), FiNE TO
MEDIMM , TRACE GRAVEL,
BROWN , MOIST

CONT. NEXT PAGE .




WEST MICHIGAN TESTING, INC- \ /e, G

SOTIL. BORING LOG

Project: GRAY 4 CO,-WILLIAMSBLKNG Client: GGRAY AND <CO.

Driller: CAMERON BROS,
Top of boring elevation:

Datum:

Inspector :)iM DILLINGHAM]

Sheet § 3 of

3

Date Start:jo-17-89

- Date Finish:jo-17-6¢

Ground Water: APPROX, $0' DEFTH

Casing:

Sample:

Core:

Tube:

Date

Time

Depth

Casing

Type

SOLIDA

LT EM AMGER. RO

RING,

DEPTH
FT.
CASING

BLOWS

SAMPLE

BLOWS ON
SAMPLE
SPOON
PER 6"

REMARKS

H2

53

H4
H5

s-9

He

H7

48
49

50

51

L)

54

S55F
56

58

-

59

&0

- | SYMBOL

-,

- ~

IDENTIFICATION

' SAND (SP), FINE ToO
MEDILM , BROWN, MOVST
(SATURATED BELOW
50 FT.)

.<|;|.’|- l\-/.\' Vi

3!

SceEEN

Y Wi e DRILLING (est.)

BOTTOM OF BORING e

K W-L- j2-2-89

n "
WELL G

2! sTick-up
59" PIPE

3' SCREEN
(ToP OF SCREEN
AT 57")

60 FT.




WEST MICHIGAN TESTING, INC . Ba,ﬂ-/A/é

SOIL BORING LOG:-

Project: GRAY 4 CO~WIAMAMSBMRG Client: GRAY AND CO. | Sheet # ) of I

Driller: ¢cAMERONMN BROS. Inspector:{iM DiLLINGHAM| Date Start:)o-1y-8¢
Top of boring elevation: . Datum: Date Finish:p-{7-¢
Ground | Water: Casing: Sample: Core Tube:
Date | Time | Depth | Casing | Type SOLID{STEM AUWGER BORING
0w | W | BLOWS ON | | _
Ep %%’ g | sampLE é
('R
g 33 | ZE| oM |2l DENTIFICATION | REMARKS
1 -]
2 ;_f _
3 Tl SAND (SM), FINE TO
4 =] MEDIHM , SILTY,CLAYEY,
: . BROWN , MOIST '
5 S-\ 1
6 NI
i
7 .
8 — 8 FT.
9 ——
10 S-2 -
. —
11
=
12 7
| CLAY (CL),siTy,
13 - SOME FINE TO COARSE
14 - SAND, TRACE GRAVEL,
-~  BROWN, MOIST
15 S-3 |
16 ]
17 —_
18 B
-
19 -
. 4
20 S-4

CONT. NEXT PAGE




WEST MICHIGAN TESTING,

INC

- Bopwe, -

SOTL BORING LOG

Project: GRAY § co.—wn_uAMSQKRC» Client: GRAY AND CO.

Driller: CAMERON RROS.
Top of boring elevation:

Datum:

Inspector:)iM O)LLINGHAM

Sheet § 2 of ey
Date Start:)o-n-€4
Date Finish:i0-N%q

Ground Water:

Casing:

Sample:

Core:

Tube:

Date

Time

Depth

Casing

Type

. SOoL\D

FSTEM ALY

GER 3

RING

DEPTH
FT.
CASING
BLOWS

SAMPLE
NO

BLOWS ON
SAMPLE
SPOON

SYMBOL

IDENTIFICATION

REMARKS

PER 6~

1

zl

22

27

28

29

30

31

32
33

34
35

37

38
39

4o

s-8

CLAY (cL), siyy,

TRACE FINE SAND,
GRAY , MOIST

CONT,:, NEXT PAG\=




WEST MICHIGAN TESTING, INC’BO)Z//}/Q

SOIIL BORING LOG

Project: GRAY § co.—wu_uAMsBLtR@Client: GRAY AND €O, | Sheet # 3 of 3

Driller: cAMERCN BRCS,

Top of boring elevation:

Inspector: 4N DuLiNGHAY Date Start:)d-17-89

Datum:

Date Finish:;g-7g¢

Ground Water:

Casing:

Sample: Core: Tube:

Date Time

Depth

Casing -

Type

L S01D

STEM AulGER SoRING

DEPTH
FT
CASING
BLOWS
SAMPLE

NO

BLOWS ON
SAMPLE
SPOON
PER 6~

SYMBOL

IDENTIFICATION REMARKS

)

s $-94

CLAY (CL), siLTy,
TRACE FINE SAND,
lBROWN) MOIST

50 S-/0

55

56

57

X8

59

60

BOTTOM OF BORING @| S0 FT,







PO Box 6820, Traverse City, Ml 49696
1755 Barlow Street, Traverse City, Ml 49686
Phone (231) 933-4041

Fax (231) 933-4393

October 14, 2002

Mr. Joseph E. Quandt

Zimmerman, Kuhn, Darling, Boyd, Taylor & Quandt
412 South Union Street

Traverse City, Michigan 49684

RE: Hydrogeologic Investigation
' Spray Irrigation Area
Williamsburg Receiving and Storage
ISE Project No. 02399084-10E

Dear Mr. Quandt:.

In accordance with the assessment work plan included in our June 26, 2002 communication to
Michigan Department of Environmental Quality (MDEQ), Inland Seas Engineering, Inc. (ISE)
has completed the initial four (4) work tasks proposed (Task 1 through Task 4, inclusive). The
assessment activities completed include: ' '

¢ Soil sampling within each spray irrigation application area,
¢ Soil sample conductivity and moisture content analyses,
e Laboratory analyses of select-soil samples for chloride, sodium, and phosphorus content

The following is a report of the methods utilized in this assessment, the results arising from
investigative efforts and the conclusions derived from evaluation of the findings.

INTRODUCTION

In early 2002, Williamsburg Receiving and Storage, LLC (WRS) began developing a sweet
cherry finishing process at their receiving, stemming and pitting plant located at 10190 Munro
Road in Whitewater Township, Grand Traverse County, Michigan. Finishing wastewaters were
commingled with wastewaters from stemming and pitting operations and pumped from the plant
to the irrigation pond. At that time, the pond already contained several hundred thousand gallons
of stemming and pitting wastewater. The waste character of these two (2) processes is
essentially the same as the genesis of each is realized by the contact of conveyance and wash
waters with brined sweet cherries.- The only significant difference between the waste streams lie
in the concentrations of natural sugars and dissolved solids. Finishing wastewater contains
significantly greater concentrations of brined sweet cherry constituents. Cherry finishing
wastewater may also contain trace concentrations of natural sweeteners, such as comn syrup and
food-quality coloring pigments absent in stemming and pitting wastewaters.



Mr. Joseph Quandt
October 14, 2002
Page 2 of 5

In March of 2002, spray irrigation of irrigation pond wastewater commenced, with effluent
sampling conducted in general conformance with WRS® Wastewater Discharge Permit (M086).
Analytical results from discharge monitoring indicated that sodium, chloride and phosphorous
ion concentrations in excess of Permit limits. Confirmatory sampling conducted in April 2002
by ISE generally validated the March sampling event as representative of pond wastewater. At
that time, efforts were undertaken to ascertain irrigation application rates and volume applied per
event. While the latter were unsuccessful for technical reasons, the independent evaluation
commissioned by WRS in April did identify mechanical, operational and infrastructure
limitations to operating the discharge operations in conformance with Permit conditions. All
findings from the independent assessment commissioned by WRS were disclosed to MDEQ-
WMD in accordance with Permit conditions and Part 22 Rules.

In furtherance of WRS’s permit compliance efforts, ISE was retained to conduct an evaluation of
the potential impact to groundwater resources from WRS’s wastewater discharge in the first
quarter of 2002 (Q1-02). This evaluation effort began in June 2002, shortly after WRS reported
its findings of its non-compliant wastewater discharge. Based upon knowledge of the uppermost
aquifer characteristics from a 1989 Hydrogeologic Investigation Report and prompt discovery
and disclosure of the non-compliant operating condition, the assessment focused upon evaluation
of vadose zone soil. With an average depth to the upper-most groundwater unit in excess of 30
feet below surface and a relatively low volume and application rate in Q1-02, assessment of
vadose zone soils within the wastewater application areas provides an evaluation of conditions
where impact (if any) is most likely manifested. As such, the assessment was biased toward
detection of impact, if present, and allowed evaluation of potential aquifer impact, before the
percolation of wastewater could reach the saturated zone.

‘METHODS : :

Soil sampling locations were based upon the random sampling plan included in the June 26"
communication. Soil sampling depths were determined following evaluation of the theoretical
maximum infiltration depth of applied wastewater. Utilizing WRS records of wastewater
application for the first quarter of this year and local soil textural data from the Grand Traverse
.County Soil Survey, ISE calculated the maximum theoretical infiltration depth of applied
wastewater. The algorithm used for this calculation was derived from the Environmental
Protection Agency (EPA) guidance document entitled, “Superfund Exposure Assessment
Manual’ (EPA/540/1-88/001). Maximum boring and soil sampling depth selected for this
assessment exceeded maximum theoretical infiltration depth to ensure that sampling and
analyses encompassed the soils potentially exposed to infiltrating wastewater.

On July 8, 2002, ISE conducted soil sampling activities at the subject property.. Soil borings
were advanced using an AMS Model 9600 direct-push sampling apparatus. One (1) soil boring
was advanced in the center of each randomly selected sector (as described in Task 2 of the work
plan) for each of the former five (5) spray irrigation head locations.
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Soil samples were acquired continuously from surface to a depth of approximately 20 feet below
grade at each irrigation head location. Soil samples were acquired using 2-inch diameter, 4-foot
macro tubes and 1'2” x 4’ dual tubes lined with clear acetate liners. Soil boring locations are
shown on Figure 1 of Attachment 2.

Macro tubes were capped in the field, labeled for location and depth and transported to the ISE’s
soils and materials testing laboratory in Traverse City, Michigan for classification and further
testing. While in transit, acetate liners were maintained at 4° centigrade by packing them in ice-
filled coolers. At ISE’s laboratory, each macro tube was reduced into 12-inch sub-sample
intervals. Sub-samples were subject to textural classification in accordance with ASTM
Standard Practice D-2488. Sub-samples were then transferred to sample containers supplied by
SOS Laboratories of Traverse City, Michigan. Boring logs for each of the five borings are
presented as Attachment 1.

Conductivity and moisture content analyses were performed on each of the 12-inch sub-samples
from each boring to a depth of 12 feet. For sub-samples below 12 feet, conductivity and
moisture content tests were performed at 24-inch depth intervals to a depth of 20 feet. The only
exception to this method occurred for samples from SB-4A. Conductivity and moisture content
tests were performed on soil samples from SB-4A at 12-inch sub-sample intervals for the entire
20-foot depth of this boring. '

Soil moisture content was determined using ASTM Standard Practice D-2216. Relative soil
conductivity was estimated by immersing tared, soil sub-samples into a fixed volume of distilled
water of known, constant conductivity. The combined soil and distilled water were allowed to
settle for a fixed time and then the liquid conductivity was measured. Soil moisture content data
was used to normalize soil apparent conductivity measurements on a dry-weight basis. Based on
the normalized, relative soil conductivity data, the soil moisture profiles and the theoretical
maximum infiltration depth, select samples were submitted to SOS Analytical Laboratory in
Traverse City, Michigan for analysis for chloride ion concentration (Task -3). Tabular
presentation of moisture and apparent conductivity test results are attached as Table 1 of
Attachment 2.

Following receipt of chloride ion laboratory analytical results on July 16, 2002, additional soil
samples were selected for further laboratory analyses. Laboratory work included additional
chloride ion analyses to further characterize vertical distribution of chloride ions and Synthetic
Precipitate Leaching Procedure (SPLP) analyses to evaluate the mobility of chloride, sodium and
total phosphorus ions in soil. SPLP analyses were undertaken in accordance with the June 26"
Work Plan (Task 4) on soil samples that may have been impacted by infiltrating wastewater.
Laboratory analytical results are summarized on Table 1. Copies of laboratory analytical reports
are also included as Attachment 3.
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RESULTS _ _ -
The maximum theoretical infiltration depth of the wastewater applied during first quarter, 2002

was determined to be approximately nine (9) feet below ground surface, based upon the
equations provided below. The precipitation data was acquired from the Traverse City’s Cherry
Capital Airport meteorological station. The moisture content of the vadose zone was estimated
as the soil field capacity.

Infiltration Rate [in/day] = {application rate + (precipitation — e?apotranspiration ~ runoff)} + 6
Infiltration Depth [feet] = Infiltration Rate * Elapsed Time '
where: © = moisture content (volumetric) of the unsaturated zone

Borings were advanced to a depth twice -the estimated infiltration depth to ensure that soil
samples from within and below the infiltration depth were obtained and analyzed.

Soil textures from acquired soil samples were observed to be relatively uniform in the upper 20
feet from the south margins of the irrigation pond (SB-1) to the area just north of Angel Road
(SB-5). Soil textures were dominantly fine-grained sand with variable (typically less than 15%)
amounts of silt and coarse sand. Glacial erratics (cobbles) and gravel were observed at variable
depths in several borings. Soil moisture conditions were generally observed in the field as moist
with one (1) observation approaching saturated and one (1) observation of apparently dry soil.
These horizons of elevated and reduced moisture content were observed below five (5) feet at
SB-1 and at 15 feet below grade at SB-3, respectively. -

Laboratory moisture content was somewhat variable across the site with greatest moisture
contents measured in samples from SB-1A. Moisture content distribution versus depth can be
observed from Table 1 of Attachment 2. Maximum moisture content was generally observed to
occur between five (5) and 12 feet below surface at each boring location, nearly coincident with
the estimated maximum depth of infiltration.

Relative soil conductivity measurements are all generally quite low. The maximum apparent soil
conductivity observed was from samiple SB-1A@ 0-1° (0.015 mS/cm-g). This coincided with
the maximum chloride ion concentration detected (197 mg/kg). All other relative conductivity
measurements were at least an order of magnitude less than this value with the minimum
conductivity measured at nearly two (2) orders of magnitude lower than the maximum. Average
and median apparent conductivity values are essentially the same value at 0.002 milliSiemens
per centimeter-gram (mS/cm-g).

Total Chloride concentrations were generally very low as well, ranging from the maximum noted
above down to 15 milligrams per kilogram (mg/kg). The average and median values are
approximately 50 mg/kg, well below. any Part 201 criteria protective of aesthetic values of
drinking water or phytotoxicity concerns.

SPLP results for chloride ions were very low, most just detectable or non-detectable. Leachate
analyses indicate that in general, the total chloride did not significantly leach to the aqueous
phase. The maximum total chloride ion concentration yielded only six (6) mg/L chloride to the
leachate. The sample yielding the greatest total chloride concentration also yielded the greatest
leachate concentration. All laboratory analytical results are included as Attachment 3. These
data are compiled in tabular format as Table 1 in Attachment 2.
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CONCLUSIONS :
Analytical results for total chloride (soils) did not indicate concentrations above the Part 201

Residential/Commercial I Generic Cleanup Criteria of 5,000 mg/kg. Analytical results of the
SPLP chloride, sodium, and phosphorus did not indicate concentrations above .their Part 201
Residential/Commercial I Generic Cleanup Criteria levels of 250 mg/L for chloride, 120 mg/L
for sodium;, and 63 mg/I for phosphorus.

Based on analytical results, it appears that the actual maximum infiltration depth of the applied
wastewater is approximately 5 to 12 feet below grade and agrees well with the initial estimate at
9 feet below grade. :

This evaluation included all spray irrigation areas where wastewater was applied. Soil sampling
and analyses within these areas were biased toward detection of maximum concentrations
present. The assessment results indicate extremely low levels of indicator chemical compounds
in soil. Leachate testing indicates that a fraction of the chemicals in the solid phase (total) are
transferred to the aqueous phase (SPLP leachate). It is therefore reasonable to conclude that
there has been no adverse impact on soil nor will groundwater resources become adversely
affected as a result of wastewater application practices beginning in the first quarter of 2002.

It is my professional opinion that no further assessment of this area is required to satisfy the
Permittee’s obligations under its permit or under Part 22 Rules. If you have any questions
regarding this letter please contact me at (231) 933-4041. :

Sincerely,
INLAND SE

\.

NGINEERING, INC.

Andrew Smits, PE.
Environmental Engineering
Department Manager

\ise-exchange\public\ise-srv\clients\menmuir.z k 1&quandt\02399084-williamsburg receiving and storage\reporting\consentorderthydrogeo study july 2002 letter report.doc
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KEY TO BORING LOGS

Based on ASTM Test Method D 2488-90

SOILS ARE DESCRIBED IN THE FOLLOWING ORDER:
1) Proportional descriptions of particle sizes
beginning with largest percent by volume
2) Dominant color of soll
3) Denstty or consistency If evaluated
4) Molsture condition of soll
' 5) Noteworthy observations (Visual/Olfactory)

Example: SAND, medium, some fine gravel, frace clay, brown,
medium dense, molst. petroleum odor.

PARTICLE SIZE DISTRIBUTION

Gravel: Particies of rock smaller than 3.0 Inch and larger than
0.20 inch In diameter, with the following subdivisions:

Coarse: 3.0incht00.76 Inch
Ane: . 0.75Inch to 0.20inch

Sand:  Particles of rock smaller than 0.20 inch and larger than
0.003 inch In diameter, with the following wbdlyblors:

Coarse: 0.20 inch to 0.08 inch
Medium: 0.08 Inch to 0.02 inch
Ane: 0.02 inch to 0.003 inch

St Soll smailler that 0.003 inch in dlameter that Is nonpldsﬂc
or very slightty plastic, and that exhibilis litite or no
strength when alr dry.

Organic Siit: A siit with sufficlent organic content to infiuence the
soll properties. ’

Clay:  Soll Smaller than 0.003 Inch In diameter that can be made to
" exhiblit plasticity (putly like properties), and that exhiblts
considerable sirength when air dry.

Organic Clay: A clay with sufficient organic content to
Influence the soll properties.

Peat: A soll composed primarily of vegetabie fissue In various_
stages of decomposition usuaily with an organic odor, a
dark brown fo black color, @ spongy consistency. and

DENSITY & CONSISTENCY

Coarse gralned solls (major portion retained on No. 200 sieve) include:
1) Clean gravels
2) Sity or clayey gravels
3) Sity. clayey or gravely sands’

Corsistency Is rated according to standard penetration resistance.

Standard Penetration
Dascriptive Term , Reslstance (N) Biows/Ft.
Very Loose 04
Loose : 510
Medium Dense 11-30
Dense 31-50
Very Denss Over 50

Fine grained solls (major portion passing No. 200 sleve) Include:
1) Inorganic and organic slits and clays
2) Gravaly, sandy or slity clays
3) Ciayey slifs

Consistency is rated according fo shearing strength as Indicated by
penetrometer readings. vane test, or by tricodal test.

Descripfive Term Shear strength Geh)
Very Soft less than 0.25

Soft 0.25-0.50

Am 0510

Stift 1.020

Very Stitt 2040

Hard 4.0 and higher

.MOISTURE CONDITION OF SOIL

Dry: Absencs of molsture, dusly. dry to the touch
Moist: Damp but no visible water

Wet: Visible free water, usually soil ls_below water table

PROPORTIONAL DESCRIPTIONS (by volume)

NATIVE SOIL

a texture ranging from fibrous to amorphous. y 35-50% (Gravely. Sandy. Sity. Clayey)

Some: 20-35%

Litile: 10-20%

Trace: 1-10%
COMMON ABBREVIATIONS COMMON SYMBOLS wewe oucem | ek (] e ouce

- L C CASING
. L PROTECTOR ]
SBS  =Spiit Barrel Sampler . Observed Soll Horzon; —— - VAULT _
HSA = Hollow Stem Augers o ’//’ _ RISER
PID  =Photolontzation Detector . 0 ——— CONCRETE ———— 0
KS =1"x 2’ Kansas Sampler _ Inferred Soll Horzon:~~ -------- L ~-——— SOIL SAMPLE ———p»= -
MS  =2"x4’MacroSampler - 7 5
PP =Pocket Penetrometer s __ 5 BENTONITE 5 __
ST =Shelby Tubs End of Soil Boring: —— |- N ]
N GROUND WATER -

SA  =Screened Auger C N~ sampLe PN N
P =Slotted Probe i D i
™W  sTemporary Monltor Well Observed Water Table: “;! —1 FILTER PACK

~ SCREEN

Lasl Update Made On 10/14/02 At 11:03 AM.
Furrent Micartans RC-\NETAN T\ RNRINGC ¥EY

Plot Scale: Scaled to Fit



Traverse City 231-933-4041

BORING: SB-1A

Williamsburg Recelving and Storage
Williamsburg, Michigan

PREPARED FOR:

Zimmerman, Kuhn, Darling,
Boyd, Taylor and Quandt
412 South Union Street
Traverse City, Michigan 49684

Flushing 810-487-0555
PERCENT | SAMPLE TYPE & | PID READING
DEPTH SOIL DESCRIPTION AND COMMENTS Recovery| mMETHOD | INTERVAL (opm) DEPTH
GRADE Grass
_ ' MS
_ SAND, fine, some organic material, black, wet
_ 62%
. SAND, fine, some silt, trace gravel, brown, moist
5 : 5
_ SAND, fine, some silt, brown, wet 100%
- 10 |SAND, fine, trace silt, brown, moist to wet 10
_ 92%
_ DT
_ SAND, fine, light brown, moist
15 100% 15
. 100%
20 |SAND. fine, brown, moist 20
_ E.O.B. 20 Feet
25 25
30 30
— 35 DT =1 1/2" diameter, 4' dual tube sampler 35
Drilling Contractor: Driller: Driling Method: Date Drilled: _
Manitou Tech Services Scott Zenner Geo Probe AMS 9600 7/8/2002
Logged By: Logging Method: Project #: Sheet Number:
" T. Adil Chowdhury ASTM 2488 239908410 1 0f 1




BORING:

SB-2A PREPARED FOR:
Zimmerman, Kuhn, Darling,
Boyd, Taylor and Quandt
Williamsburg Receiving and Storage 412 South Union Street
Traverse City 231-933-4041 Williamsburg, Michigan Traverse City, Michigan 49684
Flushing 810-487-0555
PERCENT | SAMPLE TYPE & | PID READING
DEPTH SOIL DESCRIPTION AND COMMENTS Recovery| METHOD | INTERVAL (opm) DEPTH
GRADE Grass
MS %
——— )/.?;.
_ SAND, medium fine, some cobbles, trace silt, light :z,:’z,j,:
_ brown, moist 75% v
v
i
5 SAND, fine, trace silt, light brown, moist [’{"é 5
_ SAND, fine, some cobbles, little coarse, brown, moist| 100% -;}}f
- PP . 27
_ SAND, medium fine, trace silt, light brown, moist ’{{,’{;
_ 100% o
A
— o
10 100% e 10
[
— 88%
15 |SAND, coarse, some cobbles, light brown, moist 92% :{’/,"/,:’ 15
— z"/.::;
— 98%
_ o
20 [SAND, fine, some cobbles, light brown, moist 2 20
_ E.O.B. 20 Feet
25 25
30 30
35 DT =1 1/2" diameter, 4' dual tube sampler 35
Drilling Contractor: Driller: Drilling Method: Date Drilled:
Manitou Tech Services Scott Zenner Geo Probe AMS 9600 07/08/2002
Logged By: Logging Method: Project #: _ Sheet Number:
T. Adil Chowdhury ASTM 2488 239908410 1of1




BORING: SB-3A PREPARED FOR:
Zimmerman, Kuhn, Darling,
: Boyd, Taylor and Quandt
Williamsburg Receiving and Storage 412 South Union Street
Traverse City 231-933-4041 . Williamsburg, Michigan Traverse City, Michigan 49684
Flushing 810-487-0555 :
PERCENT | SAMPLE TYPE& | PID READING
DEPTH SOIL DESCRIPTION AND COMMENTS Recovery! mETHOD | INTERVAL (opm) DEPTH

_ GRADE Grass _
. SAND, fine, trace gravel, brown, moist MS .
: SAND, fine, some coarse, trace silt, brown, moist 67% ‘_ Z :
. SAND, coarse, trace gravel, brown, moist 4 _

5 i 5
_ _ 72% 7 —
_ SAND, fine, some coarse, dark brown, moist i
_ 100% 7 -
— 10 | - 0

63% 2

_ o DT _
_— 54 J—
— 15 98% o 15
_ 7
- 22
. _ 98% 27

20 |SAND, fine, some silt, little course, brown, moist oI 20
i E.O.B. 20 Feet
25 . 25

30 30
~ . 35 |pT=112" diameter, 4' dual tube sampler : 35 .
Drilling Contractor: Driller: DriIIinQ Method: : Date Dirilled:

Manitou Tech Services Scott Zenner Geo Probe AMS 9600 7/8/2002

Logged By: Logging Method: Project #: ; . Sheet Number:

T. Adil Chowdhury ASTM 2488 : - 239908410 1 of 1




BORING:

SB-4A PREPARED FOR:
Zimmerman, Kuhn, Darling,
Boyd, Taylor and Quandt
) Williamsburg Receiving and Storage 412 South Union Street
Traverse City 231-933-4041 ‘Williamsburg, Michigan Traverse City, Michigan 49684
Flushing 810-487-0555
: - PERCENT | SAMPLE | TYPE& | PID READING
DEPTH SOIL DESCRIPTION AND COMMENTS RecOvERY| METHOD | INTERVAL (opm) DEPTH
_ GRADE  Grass -
_ SAND, fine, trace gravel, some organics, some silt, . MS _
_ brown, dry to moist - _
_ ' : : 65% _
_ SAND, fine, trace siit, light brown, moist _
5 e 5
. 67% .
: SAND, fine, some silt, brown moist :
_ SAND, fine, some silt, dark brown, moist 81% _
10 |SAND, fine, some, silt, light brown, moist 10
— 92% _
_ SAND, fine, trace cobbles, some silt, dark brown, moist _
—_ 100% .
15 |SAND, fine, trace silt, dark brown, dry to moist 15
—_ 100% .
_ SAND. fine, trace silt, light brown, moist _
_ 100% -
20 SAND, fine, trace silt, dark brown, moist 100% 20 -
. E.O.B. 20 Feet —
25 25
30 30__
_ 35 |DT =1 1/2" diameter, 4' dual tube sampler 35 -
Drilling Contractor: Driller: Dh'lling Method: Date Drilled:
Manitou Tech Services Scott Zenner Geo Probe AMS 9600 7/8/2002 -
Logged By: Logging Method: Project #: : Sheet Number: ;
T. Adil Chowdhury ASTM 2488 239908410 1 of 1 2




Traverse City 231-933-4041
Flushing 810-487-0555

BORING: _ SB-5A

Williamsburg Receiving and Storage
Williamsburg, Michigan

PREPARED FOR:

Zimmerman, Kuhn, Darling,
Boyd, Taylor and Quandt
412 South Union Street
Traverse City, Michigan 49685-0987

PERCENT |. SAMPLE TYPE& | PID READING
DEPTH SOIL DESCRIPTION AND COMMENTS recovery| METHOD | INTERVAL (opm) DEPTH

- GRADE Grass
—_ MS
_ 71% _
. 5 SAND, fine, trace silt, brown, moist : _ 5
_ _
_ 78% 7

10 |SAND, fine, some coarse, trace gravel, brown, moist _ 10
_ - |SAND, fine, some organics, trace gravel, dark DT
. brown, moist 100% .
15 100% 15
_ 100% _
" 20 |SAND, fine, some silt, light brown, moist 20
_ E.O.B. 20 feet [
2 25

30 30
_ 35 |DT =1 1/2" diameter, 4' dual tube sampler 35 _
Drilling Contractor: Drilier: Drilling Method: Daté Drilled:

Manitou Tech Services Scott Zenner Geo Probe AMS 9600 71812002

Logged By: Logging Method: Project #: ' Sheet Number:

T. Adil Chowdhury ASTM 2488 239908410 1of1
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08/16/2002

TABLE 1
- Soil Moisture Content and Apparent Soil Conductivity
Soil Total Chloride and Leachate Potential Analytical Results
Williamsburg Receiving & Storage '
ISE Project # 02399084-10E

. Synthetic Preciptate Leaching
Moisture | Dry Weight | Total Procedure (SPLP)
Boring and Depth, | Conductivity,] Content, |Conductivity,] Chloride,] Chloride, | Sodium, Phosphorus,
feet mS/cm weight% | mS/cm-g | mg/Kg | mg /L mg /L mg/L

SB1A 0-1 0.39 33.4% 1.48E-02 197 6 9.68 0.11
SB1A 1-2 0.10 18.4% 2.46E-03
SB1A2-3 0.10 8.3% 2.07E-03
SB1A 3-4 0.18 7.1% 3.23E-03
SB1A 4-5 0.30 17.1% 5.98E-03 104 3 11.20 <0.05
SB1A 5-6 0.20 20.3% 4.40E-03
SB1A 6-7 ~0.26 12.4% 5.36E-03 117
SB1A 7-8 0.16 14.5% 3.49E-03
SB1A 8-9 0.15 14.6% 3.39E-03

 SB1A 9-10 0.16 14.6% 3.59E-03
SB1A 10-11 0.11 18.8% 2.71E-03
SB1A 11-12 0.15 19.4% 3.38E-03 : 1 8.80 <0.05
SB1A 12-14 0.05 3.0% 9.86E-04 31 1 4.27 <0.05
SB1A 14-16 0.04 2.9% - 8.04E-04 _
SB1A 16-18 0.05 4.0% 9.77E-04 119 1 4.96 <0.05
SB1A 18-20 0.04 2.9% 8.09E-04 '
SB2A 0-1 0.08 4.0% 1.64E-03
SB2A 1-2 0.03 2.7% 6.02E-04
SB2A 2-3 0.07 5.4% 1.52E-03
SB2A 3-4 0.05 2.0% 9.94E-04
SB2A 4-5 0.07 2.4% 1.45E-03
SB2A 5-6 0.04 2.2% 8.02E-04 22 -1 5.29 <0.05
SB2A 6-7 0.11 2.9% 2.27E-03 39 1 5.63 <0.05
SB2A 7-8 0.05 3.0% 1.08E-03
SB2A 8-9 0.10. 4.6% 2.02E-03
SB2A 9-10 0.07 4.5% 1.44E-03
SB2A 10-11 0.07 1.9% 1.50E-03
SB2A 11-12 0.04 2.6% 8.03E-04 30 1 4,45 <0.05
SB2A 12-14 0.05 2.3% 1.02E-03
SB2A 14-16 0.06 3.3% 1.22E-03
SB2A 16-18 0.07 3.1% 1.46E-03 30 1 413 <0.05
SB2A 18-20 0.04 3.1% 8.63E-04 15 <1 3.63 <0.05 |

INLAND SEAS ENGINEERING, INC. 10f3
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i

Synthetic Preciptate Leaching
Moisture | Dry Weight | Total Procedure (SPLP)
Boring and Depth, | Conductivity,] Content, |Conductivity,] Chloride,| Chloride, | Sodium, Phosphorus,

feet mS/cm weight% | mS/cmyg | mg/Kg | mg /L mg/L mg/L
SB3A 0-1 0.02 1.0% 3.96E-04 '
SB3A 1-2 0.01 2.7% 2.01E-04
SB3A 2-3- 0.01 - 3.2% 1.99E-04
SB3A 34 0.02 2.4% 4.40E-04
SB3A 4-5 0.03 4.0% 6.31E-04
SB3A 5-6 0.09 6.0% 1.90E-03
SB3A 6-7 0.09 6.0% 1.95E-03 2 6.93 0.53
SB3A 7-8 . 0.05 2.5% 1.07E-03 63
SB3A 8-9 ' 0.08 8.4% 1.81E-03
SB3A 9-10 0.11 7.2% 2.27E-03
SB3A 10-11 0.16 8.8% 3.37E-03 98 2 6.05 <0.05
SB3A 11-12 0.04 8.3% 8.32E-04 30 1 5.33 0.06
SB3A 12-14 0.05 3.0% 1.01E-03
SB3A 14-16 0.05 2.8% 1.06E-03 ' _
SB3A 16-18 0.13 3.7% 2.66E-03 115 1 4.91 <0.05
SB3A 18-20 0.07 2.6% 1.39E-03 77 1 3.48 <0.05
SB4A 0-1 0.29 2.4% 5.68E-03 23 1 5.94 0.11
SB4A 1-2 0.05 3.7% 1.01E-03
SB4A 2-3 0.04 3.8% 8.25E-04
SB4A 34 ~0.09 4.6% 1.86E-03
SB4A 4-5 0.05 2.3% 9.42E-04
SB4A 5-6 0.05 2.8% 1.00E-03
SB4A 6-7 005 4.4% 1.02E-03
SB4A 7-8 0.08 3.6% 1.63E-03
SB4A 8-9 " 0.06 2.9% 1.18E-03
SB4A 9-10 0.06 5.0% 1.25E-03
SB4A 10-11 0.10 6.4% 2.03E-03
SB4A 11-12 0.06 7.1% 1.26E-03 41 1 6.33 0.51
SB4A 12-13 0.11 3.9% 2.29E-03
SB4A 13-14 0.05 5.0% 1.03E-03
SB4A 14-15 0.19 2.5% 3.73E-03 32 1 5.15 <0.05
SB4A 15-16 0.12 3.4% 2.50E-03 '
SB4A 16-17 0.06 4.9% 1.19E-03
SB4A 17-18 0.03 4.3% 5.89E-04
SB4A 18-19 0.019 4.3% 3.76E-04. 25 <A1 4.95 0.40
SB4A 19-20 0.04 4.4% 8.39E-04 86 <1 5.13 0.05

INLAND SEAS ENGINEERING, INC. 20f3
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Synthetic Preciptate Leaching

Moisture | Dry Weight | Total Procedure (SPLP)
Boring and Depth, Conductivity,] Content, |Conductivity,| Chloride,| Chloride, | Sodium, Phosphorus,
' feet mS/cm | weight% | mS/cm-g | mg/Kg| mg/L mg /L mg /L
SB5A 0-1 0.09 5.1% 1.63E-03
SB5A 1-2 0.01 4.2% 2.08E-04
SB5A 2-3 0.020 3.0% 3.84E-04
SB5A 3-4 0.03 3.4% 5.92E-04
SB5A 4-5 0.01 2.8% 2.27E-04 22 1 6.20 0.06
SB5A 5-6 0.07 4.4% 1.43E-03
SB5A 6-7 0.08 3.1% 1.80E-03 72 1 5.79 <0.05
SB5A 7-8 0.06 7.5% 1.24E-03
SB5A 8-9 0.06 4.6% 1.23E-03
SB5A 9-10 0.05 4.1% 1.04E-03
SB5A 10-11 0.0 3.3% 2.03E-04 76 1 6.01 <0.05
SB5A 11-12 0.10 2.8% 1.98E-03 25 1 5.62 0.11
SB5A 12-14 0.06 4.6% 1.38E-03
SB5A 14-16- 0.04 6.9% 9.71E-04
SB5A 16-18 0.01 6.6% 2.18E-04 71 1 6.12 0.59
SB5A 18-20 0.07 7.0% 1.47E-03 65 1 5.04 0.59
Part 201 Residential/Commercial | Generic Cleanup Chloride | Chloride | Sodium Phosphorus
Criteria (June 2000) 5,000 250 120 63
mg/kg | mg/L mg/L mg/L

INLAND SEAS ENGINEERING, INC.
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SOS ANALYTICAL

RECEWED yt 2 5 o9

4125 Cedar Run Rd, Suite B
. Traverse City, Ml 49684
Phone 231-946-6767

Fax 231-946-8741
www.sosanalytical.com

COMPANY: ZKDBT &Q SOS PROJECT NO: 022318
' SAMPLED BY: - ADILASE
NAME: _ .
PROJECT NO: 0239908410
WSSN: DATE SAMPLED:  7/8/02
WELL PERMIT: TIME SAMPLED:
TAX ID:
LOCATION: SAMPLE MATRIX:  SOLL
DATE RECEIVED:  7/15/02
WILLIAMSBURG TIME RECEIVED:  2:30 PM
MI
COUNTY:
TWP:
INORGANICS
_ Date  Drinking Water
No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SBIA 0-1
1. CHLORIDE EPA 9251 197 10 mgKg(®PPM) KMC  7/16/02
SAMPLE ID: SBIA 4-5 .
2 CHLORIDE EPA 9251 104 10 mgKg(PPM) KMC  7/16/02
SAMPLE ID: SBIA 6-7
3 CHLORIDE EPA 9251 117 10 mg/Kg((PPM) KMC 7/16/02
SAMPLE ID: SBIA 12-13
4 CHLORIDE EPA 9251 31 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB2A 5-6
5 CHLORIDE EPA 9251 22 10 mgKg®PPM) KMC  7/16/02
SAMPLE ID: SB2A 6-7
6 CHLORIDE EPA 9251 39 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB2A 11-12 , :
7 CHLORIDE EPA 9251 30 10 mgKg(PPM) KMC  7/16/02
SAMPLE ID: SB2A 17-18
8 CHLORIDE EPA 9251 30 10 mgKg(PPM) KMC  7/16/02
SAMPLE ID: SB3A 7-8 , : '
9 CHLORIDE EPA 9251 63 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB3A" 10-11 ’
10. CHLORIDE EPA 9251 98 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB3A 11-12 - .
1! CHLORIDE EPA 9251 30 10 mgKg(PPM) KMC  7/16/02
ND = NOT DETECTED :
LOD = LIMIT OF DETECTION . '
SMCL = FEDERAL NON-ENFORCEABLE LIMIT _
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED avghﬂ/n/ﬂ i %/'LUL
s.u. = STANDARD pH UNITS REPORTED AT 25 C SHANNA SHEA '
DISS = DISSOLVED Page 1 of 2 LAB MANAGER

SOS ANALYTICAL, INC. 1S CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT.



4125 Cedar Run Rd, Suite B

. RECEEVED JuL 2o Traverse City, Mi 49684

SOS ANALYTICAL Phone 231-946-6767
® & 0 m m m & O O ) Fax 231-946-874]
www.sosanalytical.com
COMPANY: ZKDBT &Q SOS PROJECT NO: 022318
SAMPLED BY: ADILASE
NAME:
.PROJECT NO: 0239908410 _
WSSN: DATE SAMPLED: 7/8:02
WELL PERMIT: TIME SAMPLED:
TAX ID: : : .
LOCATION: SAMPLE MATRIX: SOLIL
_ : DATE RECEIVED: 71502
WILLIAMSBURG TIME RECEIVED: 2:30 PM
Mi
COUNTY:
TWP:
INORGANICS
Date Drinking Water
No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB3A 16-17
12 CHLORIDE EPA 9251 115 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB4A 0-1 '
13 CHLORIDE EPA 9251 ) ) 23 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB4A 11-12
14 CHLORIDE EPA 9251 ' 41 10 mp/Kg(PPM) KMC  7/16/02
SAMPLE ID: SB4A 14-15 '
15 CHLORIDE EPA 9251 32 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB4A 18-19
16 CHLORIDE EPA 9251 25 10 mg/Kg®PPM) KMC 7/16/02
SAMPLE ID: SB3A 4-5
17 CHLORIDE EPA 9251 : 22 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB3A 6-7
18 CHLORIDE EPA 9251 72 10 mg/Kg(PPM) KMC  7/16/02
SAMPLE ID: SB3A 10-11 , .
19 CHLORIDE EPA 9251 . 76 10 mgKg(PPM) KMC  7/16/02
SAMPLE ID: SB5A 11-12

20 CHLORIDE EPA 9251 25 10 mg/Kg®PPM) KMC  7/16/02

ND = NOT DETECTED

LOD = LIMIT OF DETECTION : .
SMCL = FEDERAL NON-ENFORCEABLE LIMIT ' .\;2- ' g/*

- MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY: ULIWI C [’Wb
s.u. = STANDARD pH UNITS REPORTED AT 25 C : ~ SHANNA SHEA
DISS = DISSOLVED Page 2 of 2 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT



SOS ANALYTICAL

RECEIVED JuL 2 4 2017

4125 Cedar Run Rd., Suite B
Traverse City, Ml 49684
Phone 231-946-6767

Fax 231-946-874|
www.sosanalytical.com

COMPANY: ZKDBT &Q SOS PROJECT NO: 022318
SAMPLED BY: ADIL/SE
NAME:
PROJECT NO: 0239908410
WSSN: DATE SAMPLED: 7/8;02
WELL PERMIT: TIME SAMPLED: -
TAX ID: .
LOCATION: SAMPLE MATRIX: SOIL
DATE RECEIVED: 7/15/02
WILLIAMSBURG TIME RECEIVED: 2:30 PM
Ml
COUNTY:
TWP:
INORGANICS
. . . Date Drinking Water -
No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB1A 0-1 )
! CHLORIDE EPA 9251 197 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE iD: SBIA 4-3 .
2 CHL(_)RIDE EPA 9251 104 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB1A 6-7 '
3 CHLORIDE EPA 9251 . 117 10 mg/Kg(®PPM) KMC ~ 7/16/02 .
SAMPLE ID: SB1A 12-13
4 CHLORIDE EPA 9251 31 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB2A 5-6
5 CHLORIDE EPA 9251 22 10 mg/Kg(®PPM) KMC 7/16/02
SAMPLE ID: SB2A 6-7
6 CHLORIDE EPA 9251 39 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB2A 11-12
7 CHLORIDE EPA 9251 30 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB2A 17-18
8 CHLORIDE EPA 9251 30 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB3A 7-8 .
9 CHLORIDE EPA 9251 63 10 mg/Kg®PPM) KMC 7/16/02
SAMPLE ID: SB3A 10-11 . '
{0 CHLORIDE EPA 9251 98 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB3A 11-12 '
11 CHLORIDE EPA 9251 30 10 mg/Kg(®PPM) KMC 7/16/02
ND = NOT DETECTED - . -_ :
LOD = LIMIT OF DETECTION '
SMCL = FEDERAL NON-ENFORCEABLE LIMIT . W/(/M
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY:
s.u. = STANDARD pH UNITS REPORTED AT 25C SHANNA SHEA
DISS =DISSOLVED Page 1 of 2 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT.



4125 Cedar Run Rd., Suite B
Traverse City, Ml 49684
Phone 231-946-6767

Fax 231-946-8741
www.sosanalytical.com

SOS ANALYTICAL el d

® O O s = m ©® O O ol
COMPANY: ZKDBT &Q SOS PROJECT NO: 022318

SAMPLED BY: ADIL/ISE
NAME: '
PROJECT NO: - 0239908410
WSSN: DATE SAMPLED: 7/8/02
WELL PERMIT: TIME SAMPLED:
TAX ID: .
LOCATION: SAMPLE MATRIX: SOIL .
DATE RECEIVED: 7/15/02

WILLIAMSBURG TIME RECEIVED: 2:30 PM

M1
COUNTY:
TWP: .
INORGANICS

Date Drinking Water

No: Analysis Concentration LOD Units - Analyst Completed Reg Limit(MCL)
SAMPLE ID; SB3A 16-17 ' ’ .
12 CHLORIDE EPA 9251 115 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB4A 0-1 : '
13 CHLORIDE EPA 9251 23 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB4A 11-12 :
14 CHLORIDE EPA 9251 41 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB4A 14-15
15 CHLORIDE EPA 9251 32 10 mg/Kg(PPM) KMC 7/16/02
SAMPLE ID: SB4A 18-19 .
16 CHLORIDE EPA 9251 25 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB3A 4-5 :
17 CHLO_RIDE EPA 9251 22 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB5A 6-7
18 CHLORIDE EPA 9251 72 10 mgKg®PPM) KMC  7/16/02
SAMPLE ID: SB5A 10-11 _ ’
19 CHLORIDE EPA 9251 76 10 mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB3A 11-12
20 CHLORIDE EPA 9251 25 10 . mg/Kg (PPM) KMC 7/16/02
SAMPLE ID: SB3A 10-11-RECHECK ORIG. EXTRACT
21 CHLORIDE EPA 9251 o 49 10 -mg/L (PPM) KMC 7/23/02
SAMPLE ID: SB-3A 11-12-RECHECK ORIG. EXTRACT _
22 CHLORIDE EPA 9251 27 10 mg/L (PPM) KMC 7/23/02
ND = NOT DETECTED
LOD = LIMIT OF DETECTION ' ) )
SMCL = FEDERAL NON-ENFORCEABLE LIMIT ' Q/MW m{
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY:
s.u. = STANDARD pH UNITS REPORTED AT 25 C SHANNA SHEA
DISS = DISSOLVED Page 2 of 2 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT.



SOS ANALYTICAL

RECEIVED SEP 1:9 2002

4125 Cedar Run Rd, Suite B
Traverse City, Ml 49684
Phone 231-946-6767

Fax 231-946-874}
www.sosanalytical.com

COMPANY: ZKDBT &Q SOS PROJECT NO: 022399
SAMPLED BY:. ADILASE

NAME:

PROJECT NO: 0239908410

WSSN: DATE SAMPLED: 7/8/02

WELL PERMIT: TIME SAMPLED:

TAX ID:

LOCATION: SAMPLE MATRIX: SOIL

_ DATE RECEIVED: 7/22/02
WILLIAMSBURG TIME RECEIVED: 12:45 PM
_ Ml

COUNTY:

TWP:

EPA 1312 SPLP INORGANICS/METALS _

' Date_ Drinking Water

No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB1A 0-1

{ CHLORIDE EPA 325.2 6 1 mg/L (PPM) KMC 7/30/02
I PHOSPHORUS-TOTAL _EPA 365.4M 0.11 0.05 mg/L (PPM) KMC 7/31/02
1 SODIUM - EPA 273.1 9.68 0.1 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SBIA 4-3

2 CHLORIDE EPA 325.2 3 1 mg/L (PPM) KMC 7/30/02
2 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
2 SODIUM - EPA 273.1 11.2 1.0 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB1A 11-12 ) : '

3 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
3 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
3 SODIUM - EPA 273.1 8.80 1.0 mgL (PPM) ~ VLK 7/30/02
SAMPLE ID: SB1A 12-14

4 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
4 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
4 SODIUM - EPA 273.1 427 0.t mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB2A 5-6

5 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
5 PHOSPHORUS-TOTAL EPA 365.4M 0.05 mg/L (PPM) KMC 7/31/02
5 SODIUM - EPA 273.1 5.29 0.1 mg/L (PPM) VLK 7/30/02
ND = NOT DETECTED

LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT ’
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY: &’Lfl mma e
s.u. = STANDARD pH UNITS REPORTED AT 25C : SHANNA SHEA

DISS = DISSQLVED Page 1 of 4 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER AC’



. zm 4125 Cedar Run Rd, Suite B

. Traverse City, Mi 49684

. SOS ANALYTICAL ‘RECEIWVED SEP 19 Phone 231-946-6767
® ® © s axm wm O 0 O Fax 231-946-874)

_ www.sosanalytical.com

COMPANY: ZKDBT &Q | SOS PROJECT NO: 022399
SAMPLED BY: ADIL/ISE
NAME: .
PROJECTNO: 0239908410 . '
WSSN: _ DATE SAMPLED:  7/8/02
WELL PERMIT: . TIME SAMPLED:
- TAX 1D: :
LOCATION: SAMPLE MATRIX:  SOLL
_ DATE RECEIVED:  7:22/02
WILLIAMSBURG : TIME RECEIVED: 12:45 PM
MI '
COUNTY:
TWP:

EPA 1312 SPLP INORGANICS/METALS

Date Drinking Water

No: Analysis ' Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB2A 6-7 :

6 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
6 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
6 ° SODIUM - EPA 273.1 5.63 . 0.1 mg/L(PPM) VLK 7/30/02
SAMPLE ID: SB2A 11-12

7 CHLORIDE EPA 325.2 1 1 mg/LL (PPM) KMC 7/30/02
7 PHOSPHORUS-TOTAL EPA 365.4M ND . 0.05 mg/L (PPM) KMC 7/31/02
7 SODIUM - EPA 273.1 ' 4.45 0.1 mgL((PPM) VLK  7/30/02
SAMPLE ID: SB3A 6-7

8 CHLORIDE EPA325.2 2 1 mg/L (PPM) KMC 7/30/02
8 PHOSPHORUS-TOTAL EPA 365.4M 0.53 0.05 mgL (PPM) KMC 7/31/02
8 SODIUM - EPA 273.1 ) 6.93 0.1 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB3A 10-11 __

9 CHLORIDE EPA 325.2 . 2 1 mg/L (PPM) KMC 7/30/02
9 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
9 SODIUM - EPA 2731 6.05 - 0.1 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB3A 11-12 '

10 CHLORIDE EPA 325.2 1 S | mg/LL (PPM) KMC 7/30/02
10 PHOSPHORUS-TOTAL EPA 365.4M . 0.06 0.05 mg/L (PPM) KMC 7/31/02
10 SODIUM - EPA 273.1 5.33 0.1 mg/L (PPM) VLK 7/30/02

ND = NOT DETECTED
LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT & /
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY: /UL'“/YL(L S/VL{L
s.u. = STANDARD pH UNITS REPORTED AT 25C SHANNA SHEA

' DISS = DISSOLVED Page 2 of 4 . - LAB MANAGER

505 ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT



. : 4125 Cedar Run Rd, Suite B

Traverse City, Ml 49684

SOSANANTICAL  peepveDsiP 198 Tomstts
www.sosanalytical.com

COMPANY: ' ZKDBT &Q . SOS PROJECT NO: .022399
SAMPLED BY: ADILASE
NAME:
PROJECT NO: 0239908410
WSSN: DATE SAMPLED: '7/8/02
WELL PERMIT: TIME SAMPLED:
TAX 1D: .
LOCATION: SAMPLE MATRIX: SOIL
) DATE RECEIVED: 7/22/02
WILLIAMSBURG . TIME RECEIVED: 12:45 PM
M1
COUNTY:
TWP:

EPA 1312 SPLP INORGANICS/METALS

Date Drinking Water

1

No: Analysis - _ Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB4A 0-1 : .
11 CHLORIDE EPA 325.2 1 ' 1 mg/L (PPM) KMC 7/30/02
It PHOSPHORUS-TOTAL EPA 365.4M 0.11 0.05 mg/L (PPM) KMC 7/31/02
11 SODIUM - EPA 273.1 _ ' 5.94 0.1 mg/l. (PPM) VLK 7/30/02
SAMPLE ID: SB4A 11-12
12 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02 .
2 PHOSPHORUS-TOTAL EPA 365.4M 0.51 0.05 mg/L (PPM) KMC 7/31/02
lé SODIUM - EPA 273.1 ' 6.33 0.1 mg/L(PPM) VLK 7/30/02
SAMPLE ID: SB4A 14-15 '
13 CHLORIDE EPA 325.2 : 1 1 mg/L (PPM) KMC 7/30/02
13 PHOSPHORUS-TOTAL EPA 365.4M ND - 0.05 mgL(PPM) KMC 7/31/02
13 SODIUM - EPA 273.1 ’ 5.15 0.1 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB5A 4-5 _ '
14 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
14 PHOSPHORUS-TOTAL EPA 365.4M _ 0.06 0.05 mg/L (PPM) KMC 7/31/02
14 SODIUM - EPA 273.1 6.20 0.1 mg/L (PPM) VLK 7/30/02
SAMPLE ID: SB5A 6-7 '
15 CHLORIDE EPA 325.2 1 1 mg/L (PPM) KMC 7/30/02
15 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mg/L (PPM) KMC 7/31/02
15 SODIUM - EPA 273.1 579 - 0.1 mg/L (PPM) VLK 7/30/02

ND = NOT DETECTED
LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT QI _ ' Q

MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY: /la’/lu/)[t W’
s.u. = STANDARD pH UNITS REPORTED AT 25 C ' SHANNA SHEA

DISS = DISSOLVED Page 3 of 4 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT.



. . L - 4125 Cedar Run Rd, Suite B

e T - ~AnrSy Traverse City, Ml 49684

SOS ANALYTICAL - 'otP 1 9 Zobe Phone 231-946-6767
® ¢ & mmm 0 0 O 'RECEWED Fax 231-946-8741
www.sosanalytical.com

COMPANY: ZKDBT &Q SOS PROJECT NO: 022399
SAMPLED BY: ADILISE
NAME: .
PROJECT NO: 0239908410
WSSN: : 'DATE SAMPLED: 78,02
WELL PERMIT: TIME SAMPLED:
TAX ID: . .
LOCATION: SAMPLE MATRIX: SOIL
DATE RECEIVED: 7:22/02
WILLIAMSBURG TIME RECEIVED: 12:45 PM
Ml ' :
COUNTY:
TWP:

EPA 1312 SPLP INORGANICS/METALS

Date Drinking Water

No: Analysis ' Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB5A 10-11 - '
16 CHLORIDE EPA 325.2 1 1 mgL(PPM) KMC  7/30/02
16 PHOSPHORUS-TOTAL EPA 365.4M ND 0.05 mgL(PPM) KMC  7/31/02
16 SODIUM - EPA 273.1 6.01 0.1 mgL(PPM) VLK  7/30/02
SAMPLE ID: SB3A [1-12 '
17 CHLORIDE EPA 3252 1 1  mgL(®PPM) KMC  7/30/02
17 PHOSPHORUS-TOTAL EPA 365.4M 0.11 0.05 mgL(PPM) KMC  7/31/02
17 SODIUM - EPA 273.1 5.62 0.1 mgL(PPM) VLK  7/30/02

ND = NOT DETECTED
LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT %) A1 S‘

MCL = MAXIMUM CONTAMINANT LEVEL . approvepay: SNAALITA UL
s.u. = STANDARD pH UNITS REPORTED AT 25 C SHANNA SHEA

DISS = DISSOLVED _ Page 4 of 4 | LABMANAGER

SOSANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT



SOS ANALYTICAL

COMPANY: ZKDBT &Q

'RECEIVED SEP 1 8 2002

4125 Cedar Run Rd. Suite 8’
Traverse City. Ml 49684
Phone 231-946-6767

Fax 23(-946-874|
www.sosanalytical.com

SOS PROJECT NO: 022657
SAMPLED BY: ADI/ISE
NAME: .
PROJECT NO: 0239908410 .
WSSN: DATE SAMPLED: 8:7:02
WELL PERMIT: TIME SAMPLED:
TAX ID:
LOCATION: SAMPLE MATRIX: SOIL
DATE RECEIVED: 8/8/02
WILLIAMSBUR TIME RECEIVED: 1:00 PM
Mi :
COUNTY:
- TwWP:
INORGANICS/METALS
Date  Drinking Water
. No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SBIA 16-17 '
I CHLORIDE EPA 325.2-TOTAL 119 10 mg/Kg(PPM) KMC 8/13/02
1 CHLORIDE EPA 325.2/1312-SPLP 1 1 . mg/L (PPM) KMC  8/13/02
1 PHOSPHORUS-EPA 365.4M/1312-SPLP ND 0.05 mg/L (PPM) KMC 8/15/02
I SODIUM - EPA 273.1/1312-SPLP - 4.96 0.1 mg/l (PPM) ‘"VLK 8/13/02
SAMPLE ID: SB2A 17-18 _
2 CHLORIDE EPA 325.2/1312-SPLP 1 1 mg/L (PPM) KMC 8/13/02
2 PHOSPHORUS-EPA 365.4M/1312-SPLP ND 0.05 mg/L (PPM) KMC 8/15/02
2 SODIUM - EPA 273.1/1312-SPLP 4.13 0.1 mgL(PPM) VLK  813/02
SAMPLE ID: SB2A 18-19 _
3 CHLORIDE EPA 325.2-TOTAL 15 10 mg/Kg(PPM) KMC 8/13/02
3 CHLORIDE EPA 325.2/1312-SPLP ND 1 mgL(PPM) KMC  8/13/02
3 PHOSPHORUS-EPA 365.4M/1312-SPLP ND 0.05 mg/L (PPM) KMC 8/15/02
3 SODIUM - EPA 273.1/1312-SPLP 3.63 0.1 mg/L (PPM) VLK 8/13/02
SAMPLE ID: SB3A 16-17
4 CHLORIDE EPA 325.2/1312-SPLP 1 1 mgL(PPM) KMC  8/13/02
4  PHOSPHORUS-EPA 365.4M/1312-SPLP: ND 0.05 mg/L (PPM) KMC 8/15/02
4 SODIUM - EPA 273.1/1312-SPLP 491 0.1 -mg/L (PPM) VLK 8/13/02.
ND = NOT DETECTED
LOD = LIMIT OF DETECTION
' l\snhéfL: Mii?ﬁl?ﬁ%%?ﬁrf&iiﬁ%&%&UMIT APPROVED BY: &'VWM‘I& ,(/Z/Wk,
s.u. = STANDARD pH UNITS REPORTED AT 25 C _ SHANNA SHEA
DISS = DISSOLVED _ Page 1 of 3 LAB MANAGER

SOS ANALYTICAL. INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT



. 4125 Cedar Run Rd, Suite B

: _ : . Traverse City, M! 49684
SOSANALYTICAL  pecpveDSEP 1902 oo
. www.sosanalytical.com

COMPANY: ZKDBT &Q " SOS PROJECT NO: 022657
SAMPLED BY: ADILASE

NAME:

PROJECT NO: 0239908410

WSSN: DATE SAMPLED: 8:7/02

WELL PERMIT: TIME SAMPLED:

Ig’ég'l oN- SAMPLE MATRIX:  SOLL

. DATE RECEIVED: 8/8/02
WILLIAMSBURG TIME RECEIVED: 1:00 PM
MI '

COUNTY:

TWP:

INORGANICS/METALS

-‘Date_ Drinking Water

No: Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
SAMPLE ID: SB3A 18-19 ' : . .
5 CHLORIDE EPA 325.2-TOTAL 77 10 mg/Kg(PPM) KMC _ 8/13/02
5 CHLORIDE EPA 325.2/1312-SPLP | ) 1 mg/L (PPM) KMC 8/13/02
5 PHOSPHORUS-EPA 365.4M/1312-SPLP ND 0.05 mg/L (PPM) KMC 8/15/02
5 SODIUM - EPA 273.1/1312-SPLP 3.48 0.1 mg/L (PPM) VLK 8/13/02
SAMPLE ID: SB4A 18-19 '

6 CHLORIDE EPA 325.2/1312-SPLP ND 1 mg/L (PPM) KMC 8/13/02
6 PHOSPHORUS-EPA 365.4M/1312-SPLP 0.40 0.05 mg/L (PPM) KMC 8/15/02
6 SODIUM - EPA 273.1/1312-SPLP 4.95 0.1 mg/L (PPM) VLK 8/13/02
SAMPLE ID: SB4A 19-20

7 CHLORIDE EPA 325.2-TOTAL 86 10 mg/Kg (PPM) KMC 8/13/02
7 CHLORIDE EPA 325.2/1312-SPLP ND 1 mg/L (PPM) KMC 8/13/02 -
7 PHOSPHORUS-EPA 365.4M/1312-SPLP 0.05 0.05 mg/lL (PPM) KMC 8/15/02
7 SODIUM - EPA 273.1/1312-SPLP 5.13 0.1 mg/L (PPM) VLK 8/13/02
SAMPLE ID: SB3A 16-17

8 CHLORIDE EPA 325.2-TOTAL 71 10 mg/Kg(®PPM) KMC 8/13/02
8 CHLORIDE EPA 325.2/1312-SPLP 1 1 mg/L (PPM) KMC 8/13/02
8 PHOSPHORUS-EPA 365.4M/1312-SPLP 0.59 -0.05 mg/L (PPM) KMC 8/15/02

ND = NOT DETECTED
LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT - _ . ' ) .
MCL = MAXIMUM CONTAMINANT LEVEL APPROVED BY: [M/M’l
s.u. = STANDARD pH UNITS REPORTED AT 25C o SHANNA SHEA
DISS = DISSOLVED . " Page 2 of 3 LAB MANAGER

SOSANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT



' : e v - "'. ' 4125 Cedar Run Rd, Suite B

| . ; - m Trav:rr"see Citz. Mi :19684

SOSANALTICAL  RecEWEDSEP 1920 "osibudd
www.sosanalytical.com

' COMPANY: ZKDBT, &Q | SOS PROJECT NO: 022657
. ' SAMPLED BY: ADIL/ISE
. NAME:
~PROJECT NO: 0239908410
" WSSN: _ DATE SAMPLED: 8/7/02
.. WELL PERMIT: TIME SAMPLED:
“TAX ID: ] :
" LOCATION: : SAMPLE MATRIX: SOIL
_ DATE RECEIVED: 8/8/02
WILLIAMSBURG TIME RECEIVED: 1:00 PM
MI :
. COUNTY:
. TWP.
- INORGANICS .
- - ' _ ~ Date Drinking Water
No; Analysis Concentration LOD Units Analyst Completed Reg Limit(MCL)
8 SODIUM - EPA 273.1/1312-SPLP 6.12 0.1 mg/L(PPM) VIK 8/13/02
SAMPLE ID: SB5A 18-19 :
9 CHLORIDE EPA 325.2-TOTAL 65 10 mgKg(PPM) KMC 8/13/02
9 CHLORIDE EPA 325.2/1312-SPLP 1 1 mg/L (PPM) KMC 8/13/02
9 PHOSPHORUS-EPA 365.4M/1312-SPLP ' 0.59 0.05 mglL (PPM)  KMC 8/15/02
9 SODIUM - EPA 273.1/1312-SPLP - 504 0.1 mg/lL(PPM) VIK 8/13/02

D

ND = NOT DETECTED : ' s
LOD = LIMIT OF DETECTION

SMCL = FEDERAL NON-ENFORCEABLE LIMIT : W m
MCL = MAXIMUM CONTAMINANT LEVEL ' APPROVED BY: '

. 8.u. = STANDARD pH UNITS REPORTEDAT25C SHANNA SHEA
DISS = DISSOLVED Page 3 of 3 LAB MANAGER

SOS ANALYTICAL, INC. IS CERTIFIED FOR COMPLIANCE MONITORING UNDER THE SAFE DRINKING WATER ACT.






PO Box 6820, Traverse City, Ml 49696

- 1755 Barlow Street, Traverse City, Ml 49686
Phone (231) 933-4041
Fax (231) 933-4393

September 30, 2002

Mr. Joseph E. Quandt .
Zimmerman, Kuhn, Darling, Boyd, Taylor and Quandt, PLC
412 South Union Street

P.O. Box 987

Traverse City, Michigan 49685-0987

RE: - Soil Characterization Report
Former Northwestern Brining Pit Area
Williamsburg Receiving and Storage
ISE Reference No. 02399084-16E

Dear Mr. Quandt:

Introduction :

Twenty-three (23) brining pits were formerly located on the north side of the maintenance -
building, on the Williamsburg Receiving and Storage (WRS) property. These brining pits . were

originally constructed with multiple liners composed of polyethylene (6 mils) and polyvinyl

chloride (40 mils) and were used to brine sweet cherries. These pits had been emptied and for

the past year the pits contained only stormwater. The stormwater was pumped out of the brining

pits and the liners removed on September 13, 2002. On September 18, 2002 soil samples were

collected from the former brining pits area. Construction of a stormwater retention basin in the

southern portion of this area is planned to enhance control of flooding for the benefit of
neighboring property owners west of the WRS plant.

The purpose of this report is to document the characterization of soils in the area of the former
brining pits. Soil samples were collected and analyzed for chloride ions to evaluate:

e - The potential presence of brine constituents, if any, beneath the former brine pits, and
o Determine whether a release of brine had occurred from the operation of these brining pits.

The MDEQ Waste Management Division entered into a Consent Order with WRS on August 16,
2002. Section IV(c.)(1.) of the Order requires WRS to develop a Work Plan for a
Hydrogeological Investigation of the effect (if any) of waste water irrigation and brining pit
operation upon groundwater resources at the site. Since vadose zone soils immediately beneath
the northern brining pits have been covered by impervious surfaces since their operation
initiated, then assessment of soils beneath this area provides the most immediate and complete
assessment of this potential impact. '



Mr. Joseph E. Quandt
September 30, 2002
Page 2 of 3

The methods used for this assessment are documented below along with the results of laboratory
analyses. MDEQ guidance documents and US EPA protocols were utilized during the execution
- of the assessment to ensure that the work performed meets the technical requirements of MDEQ.

Methods

Sampling points were predetermined randomly using the Michigan Department of
Environmental Quality (MDEQ) Verification of Soil Remediation (VSR) Guidance Document.
The VSR Guidance Document was developed to evaluate contaminant concentrations at a site
following cleanup activities, and to evaluate whether facility conditions exist following
employment of a remedy. Investigations which employ the VSR practice for sample collection
are biased toward identifying chemicals of concern, if present, anywhere within the remedied
area. If used for assessment purposes in absence of any remedy, the VSR procedure provides a
conservative evaluation approach to identify if a facility condition exists anywhere w1thm the
area subject to the practice. :

Based on the VSR guidance and the area formerly occupied by brining pits, a 30-foot grid
interval was selected. A total of 48 nodes were generated and are illustrated on Figure 1, Node
Grid Diagram. Twelve (12) sample locations were randomly selected using the VSR. Random
number generation tables were used to select nodes for sample collection. Three (3) additional
- side wall samples were randomly selected in the field, from the area of the future stormwater
retention basin located in the southern portion of the former northern brining pit area. Please
note that Node 6 was located along the east side wall of the future stormwater basin.

Eleven (11) soil samples, from the node locations (except Node 6), were collected in 250mL
plastic containers from approximately one (1) foot below ground surface. Node 6 was collected
from 5 foot below the existing grade. The north, south and west side wall samples were
collected from depths of 2, 3, and 3 feet, respectively, below the existing grade. Samples were
collected from node locations from below existing grade, and side wall locations from beneath
the side wall surface, in an effort to address the historic nature of this operation and the potential
for leaching and vertical mass (gravity) flow.

Sampling utensils were decontaminated between sample locations with distilled water. Samples
were handled, stored and. transferred in accordance with USEPA SW 846 Protocols, to Midwest
Analytical Labs. Sample locations are illustrated on Figure 2, Sample Location Diagram.
Chloride ions were selected for analysis as the indicator chemical of concern because Sodium,
Calcium and Sulfate ions (with Chloride, these ions are the major constituents in cherry brine)
react with soil. In addition to being a conservative tracer, Chloride is more abundant (mass
basis) in brine than any other constituent.

Results

Laboratory analytical results were recelved on September 26, 2002 Analytical results indicate
that chloride concentrations of the 15 samples submitted range from less than 50 mg/kg to 171
- mg/kg. A summary of analytical results is presented in Table 1. A copy of the analytical results
-and chain of custody document are attached.

INLAND SEAS ENGINEERING, INC.



Mr. Joseph E. Quandt
September 30, 2002
Page 3 of 3

Conclusion : _ : |
Laboratory analytical results indicate that the chloride concentration in each sample analyzed is

below the Part 201 Residential/Commercial I, Soil Direct Contact Criteria of 500 mg/kg. As this
is more restrictive a criteria than the drinking water criteria, one may conclude that soil
conditions beneath the former brining pits do not meet the definition of a facility. Accordingly,
no further assessment of this area is necessary to comply with Section IV(c.) of the Order.

If you have any questions concerning the above information, please call me at 231-933-4041.

Sincerely,
INLAND SEAS ENGINEERING, INC.

Andrew J. Snits, PE
Geological Engineer

€nc.

Wi hanec\publictise-srviclients\i ir,z.k t&quandi\02399084-williamsburg receiving and storage\reporting\soilcharacterizationreport-northwestbringingpitarea. doc

INLAND SEGS ENGINEERING, INC.



10/14/2002 Table 1 ISE Project: 012399084-16E
Analytical Results
Former Brine Pit Area Soil Characterization
Williamsburg Receiving Storage

Chloride

Sample Concentration, |Percent Solids,
Location (mg/kg) (%)
Node 6* 90 94.9
Node 10 107 94 .1
Node 18 129 94.3
Node 26 <50 93.7
Node 27 <50 94 .1
Node 31 <50 94.1
Node 33 76 93.4
Node 35 98 93.6
Node 36 <50 92.5
Node 39 105 94.2
Node 42 <50 95.7
Node 47 <50 93.2
North Side Wall 171 92.5
West Side Wall <50 95.5
South Side Wall 52 92.3

* Node 6 = East Side Wall

Notes:
Part 201 Soil Criteria, Drinking Water Protection for chloride is 5,000 mg/kg
Part 201 Soil Direct Contact Criteria for chloride is 500 mg/kg
Date Sampled = September 18, 2002
Date Extracted = September 23 and 24, 2002
Date Analyzed = September 26, 2002
BOLD indicates concentrations which exceed Part 201 Soil Direct Contact Criteria

19\ise-srv\Clients\Menmuir,Z, K, T&Quandt\02399084-Williamsburg Receiving and Storage\Data\Brine.Pit.Soil.Char.xls

INLAND SEAS ENGINEERING
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Midwest

Fax: (231) 369-3331

(231) 369-3309
(231) 369-3329
(800) 253-1412

Analytical Laboratories, Inc.

P.O. Box 487 -
Kalkaska, M| 49646

Inland Seas Engineering

 RECEIVED OCT 0 1 202

South Side Wall

52

Company:

P.O. Box 6820

Traverse City, Ml 49696

Attn: Dave Schnerer
Project #: 0239908416
Location: - Williamsburg Rec. & Storage
Sample Date: 09/18/02
Sample of: Sail
Submitted Date: 09/19/02
Sampled By: ADIL
Analysis Date: 09/26/02

Sample Percent Chloride Detection  Extraction

Analysis # Point Solids, % Amount(mg/Kg) Limit Date
191902 Node 6 94.9 90 50 mg/kg 09/23/02
291902 Node 10 94.1 107 50 mg/kg . 09/23/02
391902 Node 18 94.3 129. 50 mg/kg 09/23/02
491902 Node 26 93.7 nd 50 mg/kg. = 09/23/02
591902 Node 27 94.1 nd 50 mg/kg  09/23/02
691902 Node 31 94.1 nd 50 mg/kg  09/23/02
791902 Node 33 93.4 76 50mg/kg  09/23/02
891902 Node 35 93.6 98 50mg/kg  09/24/02
991902 Node 36 92.5 nd 50mg/kg  09/24/02
1091902 Node 39 94.2 - 105 50mg/kg  09/24/02
1191902 Node 42 95.7 . nd 50 mg/kg  09/24/02
1291902 Node 47 93.2 nd 50mg/kg  09/24/02
1391902 North Side Wall 92.5 171 50mg/kg  09/24/02
1491902 West Side Wall 95.5 nd 50 mg/kg  09/24/02
1591902 92.3 50 mg/kg  09/24/02

- Chloride determined by USEPA Method 325.3 |
Extraction by ASTM Method D 3987-85 (Rotary Extraction)
nd=not detected '



RECEIVED 0CT 0 1 2002
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CHARACTERIZATION |

Sponsored by Committee D-18 on Soil and Rodk

ASTM Publication Code Number (PCN): 03-418297-38

ASTM
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COMPILATION OF STANDARDS ON

ENVIRONMENTAL SITE CHARACTERIZATION

1.1 General Guidance

D 5730-96

D 5995-96
D 420-93
D 5518-94

E 1527-97
E 1528-96
PS 11-95

- PS 85-96

E 1689-95
D 5745-95
PS 3-95

E 1739-95¢
D 5746-95
D 6008-96
D 5879-95
D 5921-96
D 5925-96

1.2 Data Elements

D 5714-95
D 5911-96
D 5387-93
D 5474-93
D 5254-92
D 5408-93

D 5409-93
D 5410-93

...Classification of Environmental Condition of Property Area Types

Topical Table of Contents

PART 1. SITE CHARACTERIZATION

Guide for Site Characterization for Environmental Purposes With Emphasis-on Soil, Rock, the Vadose

Zone:and. Ground Water ........ _
Guide for Environmental Site Characterization in Cold Regions
Guide for Site Characterization for Engineering, Design, and Construction Purposes ............couvssmeeunse
Guide:for Acquisition of File. Aerial Photography-and Imagery for Establishing Historic Site-Use and

Surficial Conditions
Practice for Environméntal Site Assessments: Phase I Assessment Process
Practice for Environmental Site Assessment: Transaction Screen Process
Practice for Environmental Regulatory Compliance Audits
Guide for Expedited Site Characterization of Hazardous Waste Contaminated Sites ...........oeceeemsemese
Guide for Developing Conceptual Site Models for Contaminated Sites
Guide for Developing and Implementing Short-Term Measures or Early Actions.for Site Remediation
Guide for Accelerated Site Characterization for Confirmed or Suspected Petroleum Releases ...........
Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites

Practice for Conducting Environmental Baseline Surveys
Practice for Surface Site Characterization for On-Site Septic Systems
Practice for Subsurface Site Characterization of Test Pits for On-Site Septic Systems .......................
Practice for Preliminary Sizing and Delineation of Soil Absorption Field Areas for On-Site Septic

Systems

Specification for Contént of Digital Geospatial Metadata
Practice.for a Minimum Set of Data Elements to Describe-a Soil Samplmg Site coccrenrinirnieseasnsinssnans _
Guide for Elements of a Complete Data Set for Non-Cohesive Sediments
Guide for Selection of Data Elements for Ground-Water Investigations

Practice for the Minimum Set of Data Elements to Identify a Ground Water Site .......ccoconcseerniersrnonne
Guide for the Set of Data Elements to Describe a Ground-Water Site, Part 1-—Additional Identification
Descriptors

Guide for the Set of Data Elements to Describe a Ground-Watcr Site, Part 2—Physical Descriptors
Guide for the Set of Data Elements to Describe a Ground-Water Site, Part 3—Usage Descriptors ...

1.3 Geophysical Methods

/1

D 5753-95-

_Guide for Planning and Conducting Borehole Geophysical Lg’ggi_ng}

D 5777-95

Guide.for Using the Seismic Refraction Method for Subsurface Investigation

1.4 Geologic Characterization

A

Guide for Field Logging of Subsurface Explorations of Soil and Rock l

;./r

D 5434-93

D 6067-96 Guide for Using the Electronic. Cone Pentrometer for Environmental Site Characterization ...........
D 2487-93 Classification of Soils for Engineering Purposes (Unified Soil Classification System) ......ccuummsnes
D 2488-93 Practice for Description and Identification of Soils (Visual-Manual Procedure) .

D 4083-89 (1994)*! Practice for Description of Frozen Soils (Visual-Manual Procedure)

D 5878-95 Guide for Using Rock-Mass Classification Systemis for Engineering Purposes
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1.5 Hydrogeologic Characterization

D 5979-96 Guide for Conceptualization and Characterization of Ground-Water Flow Systems ..........cvceveeriene 451
D 6030-96 Guide to Selection of Methods for Assessing Ground Water or Aquifer Sensitivity and Vulnerability 458
D 5980-96 - Guide for Selection and Documentation of Existing Wells for Use in Environmental Site Charactenza-
. tion aNd MONITOMING ...coiviiirneniisiniencasnsssssesnssnninssisssssessssorsassesstisss sesstosessestassssesessiesssssassinsesses ssssens 466
D 5126-90 Guide for Comparison of Field Methods for Determining Hydraulic Conducnvny in Lhe Vadose Zone 476
D 4043-91 Guide for Selection of Aquifer-Test Field and Analytical Procedures in Determination of Hydraulic
Properties by Well Techniques rerrr e bbb st b b bbb bR bbb 486
/ D 5737-95 Guide for Methods for Measuring Well DiSCharge . ummummsmssssssscsssasssssassssegeveveceseee 491
ﬂ D 6000-96 Guide for the Presentation of Water-Level Information From Ground Water SnesJ. ............................ 494

1.6 Drilling Methods

D 5781-95 Guide for Use of Dual-Wall Reverse-Circulation Drilling for Geoenvironmental Exploration and the
Installation of Subsurface Water-Quality Monitoring Devices .........ccovveieivvcimnsissinnasisnsiecsssecsinns 513
D 5782-95 Guide for Use of Direct Air-Rotary Drilling for Geoenvironmental Explorauon and the Installation .
of Subsurface Water-Quality Monitoring DEVICES ......c.ccserrinnimsssmsivensessmsonsessssmsssessessssssuecssssessnencess 520
D 5783-95 Guide for Use of Direct Rotary Drilling with Water-Based Drilling Fluid for Geoenvironmenial
., Exploration and the Installation of Subsurface Water-Quality Monitoring Devices .........cccecevsnne 527
‘/r D 5784-95 Guide for Use of Hollow-Stem Augers for Geoenvironmental Exploration and the Installation of
' Subsurface Water-Quality Monitoring Devices .....oosisinssissssisnsnissiinins 534
D 5872-95 : Guide for Use of Casing Advancement Drilling Methods for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Monitoring Devices . 540
D 5875-95 - Guide for Use of Cable-Tool Drilling and Sampling Methods for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Monitoring Devices -......ccoovosisiesscscisrnanniorasiransssscsononsecnas . 548
D 5876-95 Guide for Use of Direct Rotary Wireline Casing Advancement Drilling Methods for Geoenvironmental
Exploration and Installation of Subsurface Water-Quality Monitoring Devices ............... P, 557
D 2113-83 (1993) Practice for Diamond. Core Drilling for Site Investigation . 568
1.7 Surface Water
D 4581-86 (1996)¢' Guide for Measurement of Morphologic Characteristics of Surface Water Bodies ......c.cooooveereecirinnnns 575
D 5906-96a Guide for Measuring Horizontal Positioning During Measurements of Surface Water Depths ........... 586
D 5073-90 (1996)¢! Practice for Depth Measurement of Surface Water .........cccovermecerremsnrsconsscsirsneecs 589
D 5413-93 Test Methods for Measurement of Water Levels in Open-Water BOGi€s ...c.cueeeueerreumemccmsermsscnsemenens 602
D 5674-95 Guide for Operation of a Gaging SLAlON ......cccevcriicnreenrernenssnsescsnissessesiesssisassessses 610
D 5640-95 Guide for Selection of Weirs and Plumes for Open Channel Flow Measurement of Water ................ 618
D 5541-94 Practice for Developing a Stage-Discharge Relation for Open Channel Flow ' 625

PART 2. SOIL, VADOSE ZONE AND SEDIMENT SAMPLING AND MONITORING

2.1 Soil Sampling (see also D 4547, Section 4.2)

/'_Dﬂm___ﬁum_m_msmmgwm . 633
D 1452-80 (1995) Practice for Soil Investigation and Sampling by Auger Borings : 1 651

- vl D 1586-84 (1992)*' Test Method for Penelrauon Test and Split-Barrel Sampling of Soils crentseessassesrissses | 653
D 1587-94 - Practice for Thin-Walled Tube Geotechnical Sampling of Soils 658
D 3550-84 (1995)*! _ Practice for Ring-Lined Barrel Sampling of Soils 661
v’1_D 4220-95 Practices for Preserving and Transporting Soil Samples ... \ 664
D 5079-90¢! Practices for Preserving and Transporting Rock Core Samples . 674
2.2 Vadose Zone Sampling and Monitoring (see also D 5299, Section 3.2)
D 5314-92 ' Guide for Soil Gas Monitoring in the Vadose Zone ..........cccovcversisisensisessivsssensonens 683
- D 4696-92 Guide for Pure-Liquid Sampling from the Vadose Zone ..... 714
D 3404-91 Guide to Measuring Matric Potential in the Vadose Zone Using Tenslometers 745
D 4944-89 (1994) - Test Method for Field Determination of Water (Moisture) Coment of Soil by the Calcium Carbide
Gas Pressure Tester Method . 755
D 3017-96 Test Method for Water Content of Soil and Rock in Place by Nuclear Methods (Shallow Depth) .... 759
D 5220-92 Test Method for Water Content of Soil and Rock In-Place by the Neutron Depth Probe Method ..... 764
D 6031-96 . Test Method for Logging In Situ Moisture Content and Density of Soil and Rock by the Nuclear :
Method in Horizontal, Slanted and Vertical Access TUBES .....cccerereererenrnsserenes 769
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2.3 Sediment Sampling

D 4411-93 . Guide for Sampling Fluvial Sediment in Motion 777
D 4823-95 Guide for Core-Sampling Submerged, Unconsolidated Sediments 795
D 321391 . Practice for Handling, Storing, and Preparing Soft Undisturbed Marine Soil 809
D 3976-92 (1996) Practice for Preparation of Sediment Samples for Chemical Analysis ..... { 814
- E 1391-94 Guide for Collection, Storage, Characterization, and Manipulation of Sediments for Toxicological
TESUNE «ovvvarnusressersnreiasesnmscsstesissssmsasssnsesssssesssssssssssessasisssssssssssssssssssssssasssssassassssesasssassaness 817 .
PART 3. WATER SAMPLING AND MONITORING
3.1 General
D 5612-94 Guide for Quality Planning and Field Implementation of a Water Quality Measurement Program-... 843
D 5851-95 Guide for Planning and Implementing a Water Monitoring Program ..........ccvceuen. 850
D 571795 - Guide for Design of Ground-Water Monitoring Systems in Karst and Fractured-Rock Aquifers ....... 859
3.2 Water Sampling
D 5358-93¢! Practice for Sampling with a Dipper or Pond Sampler ..... 879
D 3864-96 Guide for Continual On-Line Monitoring Systems for Water Analysis ......... 881
D 887-82 (1994) Practice for Sampling Water-Formed Deposits .........ccoceervnrssecrsnvemscoresasseenns 894
D 4489-95 Practices for Sampling of Waterborme Oils ........cccecerreerireninnessesssnssnsiecsssiercssnsssessessssassssssssssns 901
D 3325-90 (1996)*! Practice for the Preservation of Waterborne Oil Samples ... vceorrecnrenmicnassincrcsnsccnns 904
D 3326-90 (1996)*! Practice for Preparation of Samples for Identification of Waterborne Oils ..... : 907
D 5463-93 Guide for the Use of Test Kits to Measure Inorganic Constituents in Water ........ccovveiversvecnisiocincnne 915
D 4515-85 (1995)¢! Practice for Estimation of Holding Time for Water Samples Containing Organic Constituents .......... 920
D 4841-88 (1993)¢ Practice for Estimation of Holding Time for Water Samples Containing Organic and Inorganic
CONSHIUENLS ...cvoveveeeecccacarerersaratensnsasassasstesesssassesasesssaseassasesssresesassessassessossesasasescssansseesssaasessarssssesssasensn 925
3.3 Ground Water Monitoring Wells (see also drilling methods, Section 1.6)
/D 5092-90 (1995) Practice for Design and Installation of Ground Water Monitoring Wells in Aquifers .......cococvecierecnnen 933
v D 5787-95 ~ Practice for Monitoring Well Protection 947
vi D 3521-94 Guide for Development of Ground-Water Monitoring Wells in Granular Aquifers .........cccocovvveeeneeenns [ 951
/V D 4750-87 (1993)% ‘Test- Method for Determining Subsurface Liquid Levels in a Borehole or Monttonng Well (Observation
Well) 966
D 5978-96 Guide for Maintenance and Rehabilitation of Ground-Water Monitoring Wells ......cc.coocvvinececeecnenncs 972
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KEY TO BORING LOGS

Based on ASTM Test Method D 2488-90

SOILS ARE DESCRIBED IN THE FOLLOWING ORDER:
1) Proportional descriptions of particle sizes
beglnning with largest percent by volyme
2) Dominant color of soll
3) Density or consistency If evaluated
4) Molsture condition of soll
§) Noteworthy observations-(Visual/Olfactory)

Example: SAND, medium, some fine grave!, frace clay, brown.
medium dense, molst, pefroleum odor.

PARTICLE SIZE DISTRIBUTION

Gravel: Particles of rock smaller than 3.0 inch and larger than
0.20 inch in diameter, with the following subdivisions:

Coarse: 3.0incht0 0.75Inch
Ane: 0.75 Inch to 0.20 Inch

Sand:  Particles of rock smaller than 0.20 inch and larger than
0.003 inch in diameter, with the following subdivisions:

Coarse: 0.20 inch to 0.08 inch
Medium: 0.08 Inch to 0.02 inch
Ane: 0.02 inch to 0.003 iInch

Sit: Solt smaller that 0.003 Inch In dicmeter that is nonplastic
or very slightly plastic, and that exhiblts lifile or no
sirength when air dry.

Organic Sitt: A siit with sufficlent organic content to influence the
soll properties.

Clay:  Soll Smaller than 0.003 inch In diameter that can be made to
exhiblit plasticity (puffy like properties). and that exhibits
conslderable strength when air dry.

Organic Clay: A clay with sufficient organic content to
Influence the soll properties.

Peat A soll composed primcrily of vegetabile tissue in various
stages of decomposiion usucily with an organic odor, G
dark brown fo black color, a spongy consistency. and
a taxiure renging from fibrous to amorphous.

DENSITY & CONSISTENCY

‘Coarse gralined solls (major portion retained on No. 200 sleve) Include:

1) Clean gravels

2) Sity or clayey gravels
J) Siity, ciayey or gravely sands

Consistency Is rated according to standard penefration resistance.

Descriptive Term
Very Loose
Loose

Medium Dense
Densa

Very Dense

Standard Pensefration
Resistance (N) Blows/Ft.
04
510
11-30
31-50
Over 50

Fine grained solls (major portion passing No. 200 sleve) include:
1) Inorganic and organic siifs and ciays
2) Gravely, sandy or sitty clays

3) Clayey slifs

Consistency Is rated according to shearing sirength as Indicated by
penefromater readings. vane test, or by tricedal test.

Descripiive Torm
Very Soft

Soft

Arm

St

Very Stif

Hard

MOISTURE CONDITION OF

Shear (ksD
less than 0.25
0.25-0.50

0510

1.0-20

2040

4.0 and higher

SOIL

Dry: Absence of moisture, dusly, dry to the touch
Moist:  Darmp but no vislble water
Wet: Visibie free water, usually soll is below water table

PROPORTIONAL DESCRIPTIONS (by volume)

COMMON ABBREVIATIONS COMMON SYMBOLS

$85  =Split Barrel Sompler " Observed Soll Horizon:
HSA  =Hollow Stem Augers

PID  =Photolonization Detector
KS =1"x 2’ Kansas Sampler Inforred Soll Horkon: ~ --------
MS  =2° x4’ Macro Sampler
PP =Pocket Panetrometer

=Shelby Tube End of Soil Boring: —
SA  =Screened Auger
Sp =Slotted Probe
MW =Temporary Monttor Wel Observed Water Table: /-

-y 35-60% (Gravely, Sandy, Siity, Clayey)
Some: 20-35%
LUttle: 10-20%

Trace: 1-10% -
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BORING/WELL:

PREPARED FOR:
L
e
\i/ ﬁ
Traverse City 231.933.4041
Flushing 810.487.0555
_ ' PERCENT | SAMPLE HAND - TYPE& | BLOW
DEPTH SOIL DESCRIPTION AND COMMENTS : ~
| RECOVERY | METHOD | "ENETROMETER [ nreRvaL | count| OFF H
GRADE -
Drilling Contractor: Driller: Drilling Method: Date Drilied:
Logged By: Logging Method: Pro'j'ect #: Sheet Number:




WELL: MW-27 PREPARED FOR:
gﬁa ~ G O!L COMPANY
= R
L RPN SN, VICHIGAN 49685

- : 206 N. MAIN STREET :
Traverse City 231.933.4041 LAKE CITY , MICHIGAN 49651
Suttons Bay 231.271.4535

Flushing 810.487.0555
. PERCENT SAMPLE TYPE S

DEPTH SOfL DESCRIPTION AND COMMENTS RECOVERY METHOD INTERVAL WELL DAGRAM DEFTH

GRADE GRASS AND TOPSOIL

LSy Pla-dy oyl P L Ay R L L b L T T DU PR S

W

SAND, FINE, YELLOW- BROWN, MOIST

—
—
e
—
—

15
20
25
SAND, FINE, YELLOW-BROWN, WET
30
E.O.B. @ 33
35
Drilling Contractor: Driller: Drilling Method: Date Drilled:
SHEPLER '|[RANDY SHEPLER ' H.S.A : 12/11/00
Logged By: Logging Method: Development Method: Project #:
RWE ASTM 2488 BAILER 98072052 .
Casing Type: Screen Type & Length:  |Ground Elevation:|Top of Casing Elevation: Sheet Number:
2" PVC ' 2" PVC-10 SLOT-36" NA NA - " 10F1




INLAND SEAS ENGINEERING, INC LOCATION

STATIC WATER LEVEL AND SAMPLING DATA SHEET .
DATE

CLIENT ' : INIT.

WELL SAMPLE TOTAL DEPTHto FEET of #of OBSERVATIONS
1.D. ORDER DEPTH WATER H.0 BAILS

Note: For 3 Well Volumes, Ft. of H;O X 3 = # Bails in 2" Well ; Ft. of H;O X 2 = # Gallons in 4" Well ; 3, Bailers = 1 Gallon
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